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Np11S -fVA . isr'A a studen~t res-a r-h 4ec- a t t -e 'ia val

Post-radiuate Scnool, the 4oal of wnlich i.s tn= e~raio

o f the PASCAL proprarrin? largie o. n ar ,c o-,

syste7. NPS-PASCAL will consist cf two rro~ra-s. a -- i-

which 7)roducr-es intermediate code, en! a- irnterrreter . w'"i:

will i-ternret the interreiiate ,:,Ie , or a t-ersletcr, wti~h

w 111 Drcduce ta reet machin;e ccde-. NFS-PASCAL is des i~ro to

conforrr to the reci rerer t s 04, *1,e PAkS CAL S ta? rdM , a s

defined by the British Standdrds Irnstitute/Internetional

Stardards )r -arization Workir.- Drpft/3.

The ccrm l er D rogera m, th..e sub~e-t o f th 1s th es is ,

oe rO orr-s thq le-xioal. sirtactic end s=-artio r l~~ ofp

PASCAL program. NPS-PASO'AL is written J.n 11 7L 's IL'5

n r ogr arr!-i n g1 ln.g u a q e'1- executes or the CP'Y ceretino-
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4?S-?ASCAL i s a r in'D I ra tti C- n~?2~

z r o-ra rr i np !a r 'u ase o n a rri cro -crput er 5ys er-. !T-?7

is a 7ontiruin , reszearch rro~ec* in t--~ CP-7nutor ~irr

Dere rtmen t a t trt e N a v a 1 ost .rduet~ S ch o eI ~c n t ee

Califcrria. The crigira! NPS-PASCAL -Ios4~ ard ,ci-ar-s A,:re

written by MiJ Joaquir. C. 2raclaa, USv., ana L' ?-obertB

StilWzll 3SC) fTS." in t n etIr t-e-is su;bmitted J'.re 1-5'-,E.

Their work is conitairel ir. Ref. 1. UJ raid nd

Stilwell imulerrented thne bas i centructs rf thne P ASCrA1

12n.-ueze in a one-cass c(M1-~iler ard cn'de zererztcr. 5Tei s

work was continued in June 19 79 ',y LT -hn.r 7. Byjrre5,'.

-who adiel Cole to irr'ler-ert -a nr m is 5i n c nr s r,1ct s '2nI'

aevelcned a num'ber cf' user a s s istan e p rc ramrr. 7i SW nnr is5

cortal-ed in Pef. 2. Thesis worl, was cortiru1ed 8a~ir in

rct ober 1979 , with th e -oa 1 c f ccrpleti n- the -cn.Ilen

portion of' NPS-PASCPI. Follow-on tnesis worir will !-a! t- an

!PS-PASCAL interpreter/translator and a cor-olete P.ASrAl

systemr. Tn the discussion which fcllnws, it is Pssu-e! ,hat

the re:ader is familiar with Ref's. 1 and 2.

13. kPFCkA

The! first step in ccntinuirgg the NPq-?ASCkL -ro~lect was

to corivert the soure nro--rar-s fro- PL/:" to ?L/r"-90 ard

transfer them from the IlN4 16/OF-based tirmeosharinz systemr

to the Tntel MIicrorrocessor Deivelopmrent System . This woull

7.



,7o 7n Ie te ly -i'ccce-sc' c r nt- en v iron 7-er -

Pli~ri ate, the n.eed !t isp t.-e P:,.', :=;s '-:i 1-.

'h,? ne~t ste was to 5 t -,- t 'ne 'p n--- a:- 1si~ a..r5

~r 9v iou s t he-s es t o ga i a letai le f,,:i 1 Fr, ty w! t'- t:,,

or o '-r, t . Tm clu' ed 1' t Vis SLIM Was a ':' r~ -F d ' nF

krnowled~ cf the 1 n te I I S I S -T10 rpe t i: SvS~ ai - d

7 1.-/v - _- orI- r a n I t s atte?-.at 1 :i -~ a rd ia .

r r a rs a r d utilities. Sirce 1?S-?kS.2AL ir otie un.&r

t1- -IIS !^-I I c-era tir- syste- , but exe-utes u - t~. C P ,

ope r2 r 1v sy sem, i t w as alsc, necessary to learn the C?71-

utilities ror transf-rrg f iles be: t wee - systerrs, a - t'-

CP/11 rur -t i- d e ou,7e rs5, aD ar Si

Thlargeost portiO7' o-' th'is thesis 2,Ifrt --c *oA-te of

cod- whore recessary, traci-" exe!-utio" tc loratm cgi -

data errors,, correctinr? documrentation. ea runr.in, t-st

PASCAL proera-s. Ir-nlererntatior of tne reccrd cornstruit

reoutred ctar.-ir.z the orizinal 'rr-m a -d c crrec t i n the

Tnarse tables.

To avoid testine t he rccmniler wi th syrtarctically

incorrpct PAkSCkT 'orc-greis, test norcgrarrs were select=! f r om

t he PASC AL (7 Mau ~R~~ , fronm various stude-nt

texts on PASCAL. and from the PASCAL Validation. Suitme 41.

The t es t programrs f ror t he Validatio- Sui *e were

particularly helpful, in that they excermlsed the full r 2ng

of any ziver PkSCAL construct.

A&



a~ 7r t *a ad 7'

aSS,~9~ e S~sarCe r e 4 n

rcwve ,t was aba-.dcr-_ ar. a ru~i~e~C'

da s ev e 1 c d S y v ET"1 r :-Ovils a -dFr

d u"' Of' ' 5Y'rbcl *.atl , a-d rrvides c -

and ef'f'iciert. -earns of acce-ssin.? tr? syrbcl t~e.

It w8s f5 t'ha t i t would bo 'ba-Pf ia r t-4

nzrevicus tneses i nt o a s in ie o7ue-.t, s~ se ct ics of 0 s

1 and ? appear i r ths t s is.h a p r 07)r ia te s mCt ic s .- ?re

uzn1atel tc rPfl ect ctar.ges in th r~r-; -oi- cr strt,,I.

I: o)t-ers, des-ri~t1 Ons were xcnd and d i a''~ 7

or thep s,.cti or was inc1ue.d i- it*s e- tirt.
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e-----------------------------------------

r ~ ~ f~ to e' trs V~si 'S SXL~

as rr-sci~ - 2Y: >: -- *

er - 2 ?rt. nai ve-a s s -e tr~ 6'ee~~

YPisar ct'& av'o o" W~vc

Consequerti~. )-yop-rar that rorfO7rc to0 t - -, ~1 s of

S ''A NrA,, ?k S CA, En r ee ts * ,l a bove lI 15t ed o'a f i a t io0s5

co ns t it u tes a S Yr t a Ct c al1ly c o rre 7t NS-?ASCAL 'orrc,;7re r-

ST'ir-rsity of Tororto's -'arSe ta :)Ie :?-eratcr ri

a 5s used to seci f.7 t he NFS -PA S CAL ~rra rTL~ orr.

The zpnr.eAtcr operetes orn t^,e Ilzv 7eo/E ' erd PrnrcdcD r 5s

tables for the lpnr.uaoe, thus pDerIttinF. externsicns arnc

correctionrs to be r-ede 1" a, easy anrd e-ficie-t -erner.



-e rcrr- Ile r s *ruc t iire. d1-2 :-_ 7!- 4-n ~fr7s .

s-e -s s th rcu 47n t he sour cm ro- re- Cti s -

intor-ediate lantgueee file an! -aT -rr an ontiral li 5t I -

of the sourn- oro-:re7 to te- -orsolp. --- ore zess :r h

wa s t a 'eqn tc nr c v iae speed ani t c returo th-e 0z of te

rcr,)11 r. ThI-e d isavr t ae cf o-e-ass 1 -s i Is t.ne

inatility tc specify t h exa. -t 1 o et 4.c r w 1- =r e 7: r C r 1-

eXecutior rasu,-es after a forwarli brar-h. To s~lvc this

zroblor, labels are claced in the interrnediate c r-_ = w I-_r e

executlor sh-ould continue. The resolutlonr. f lpabel 1-Ca2tic-s

is then the res-cnsliility of the lrnteront-r/translatcr as

it s-'ars thm irnterredlate cocde.

Thtet c cr 11 -lr bu'i11 s t"- -e syrr b C ta '11e , f7o r' -t s a11

numbe rs ~o t:-ei r in~tern~al rer-setato., and. ;e-eres t ne

i n t -rTe d Iat ? ccde fil1.e a n - t-e SvYT n'l t abefl. h

c orn ilIer a ot s irrtut pa'ereters to ccrt-ol t-e listir- cf

t he s ource nrozrarn , D rod u!-t Ion e rrbsr, C r t 7 n n,,r t r S.

The creation of trne interreliatm file car. -1so be surrresse

if It is not needel.

S. CA1! _1p

The s-arnor ana1yzes tie sourc!e prcgra- cnaract-r ty

chnarecter and p)asses each token. identified to th-e parser.

The sc-ar-er can provide a listir.p of the scurc- stater-ents

a nd e 11 r.na t e cor.mer t s

Th scanner is written ii- four se 'tio-s whl-t are

select ively exec-utedi dependi n, on th e f Irs 1 r on-.-)la -k

A&
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ctar-c-er c f t n i ru s- r n ver t -e s e -t c- tc e--

has -zn I et r-i .e,!. te r a I n ar cf t-e t c, o 5 s - -n e

and u I e d in the Irut), array Cfci rt v1 f

ACCTJM a rray cor tai ns the lenoth '-f the Qoen. tn m >se

tokens trat e~ceed the siz- o f he AR Y (72 by -2s~ )

contin~uation, flap Is set to allcw t-- scrrer an . rancr tc

a cc epTt t he r es t o f 1,h e t oke r..

Th- -four sections of thm srann=er 2rc-ess 5t-np-s,

n~umbers, Identifiers an r ~es e rv ed w ord - and s r-_C Ial1

charecters. respectivelvr. The string rroessi- se-tio- 15

executed whenever t he f i -5t c he r t -r of the tor-en is=

cuotatior merk. The scanne. t hen,. ec et s e a ch s i,-c r-e dI -z

ch ir-irter un ti a1 secn- c,-,ct at ior rra rk is f c urnA, t, -e

the rnd of the s~rinn-. :he s-tio- :-.at :_rcesses i~n

de.termlrnes t-he tYpe Cf the rUmber beinp- snarre as it s5ens

e e'c h cher -- ter. 'i s ceternination. is usea by su hrcut1.-es

later in thec co-:i1lptior rroc-ess to p-rf or7m t 1 -e c- e n z

a ni ccnver-cior t(, internal renresentation. '-her thespnr

reco.4nizos er. Identifier, it searcnes t'- v nra ou Ia r v te b i

to determine if it is a reserved wcre-. if Sc, the sr.arner

retu-rs the toe~lr. number associated wit'- the reserve worl.

Special charac-ters fcund in the vo-abulary tablm are_ hanil1e

as sanar2 te tokens excep~t ir two ,as5es5. Tf a rerioj Is

fcl lowed immediatel1:; by numneri c artrs t he srannenr

assurres a real ritrber is being- s ezn r d . The I ,Ia p ai r c f

sppcial characters occurs consec utively, (for instan-e :-)

the scA.repr passes both charActors as a sin.4le 2&e fter

1&



"h sv7bol tablo is usei t st're the ttite f

l a e = o n s5 t : n t s , t y ,r d e C la r a t r s . a r l a ! i6r i ~ e

nroe1res, frjtjo~s e'.i file -is ndt C e1

inoe"%ot'-r, i ua ,- t'. oCr'-oile t- -' -'v that the

-~rm s eminticallv coffeect arin to as- ist -e

zenereticn. Ac ess to tte sy- bo t-ble is thru:n vrr 'os

subroutines usl ni" based oloba va riables to ur.oelv address

tne ele, e-ts of earbh entry.

; _. t, l Table Constructior.

7 .... .y.o table is an uSrr:d 1j-wA liSt of

er.tries Which Fr'.,s fro7 the las byte of the o7l

towari high r I e-ry. ii-I tries e e t'er .ss-

via a chained hash addressim i n _ e t as if_ _,ra~ e .

F .iur 2), or br re rs of di3resc Oointcr fieMs e-orta re

in C ther entries. This latter r=ethoC of acoess is rec '

slnc9 not all ertrie 5 in the s 1 -bnl table have zr

identifler, called a prinrtraree, as-o late wit- t h=-.

Each location ir the hash table cont.tins the neia of
a sin'ly lInnked list of en tries wcse nnintnare, whe

evaluated, results ir. the save hash value. A zero ir a-y
cell Cf the hash table iricates that trer= are nc :-tries

whose irinnare -roduces tnat value. Lurin: sy 7 oo t e

construction cr access, the lo'al variaa .  ?:LTA- ,

contai"s ttp adiress of a strirzc of b:,tos whaos first

14
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't i s t ie, l~t , cf tn c :u r rt n:ert IfiefI~

t ile tifie 's ks C ic be

AS' I~ td4 t-. a$ '- ~ v;a!U- C' t'- :2 i f

aa2s co,4e Is t1-_ Sur of 'he nx values cf t: R:?vF'

ASCI:- characters,, r,oulc iZ - (basc 10'. F-Iries t-at -rc4iU-a

te sare he sh cod e a re li.nked tceh -i n the ;'roi :)I e

ba ca ir whic -1h i s a ce s s el "ia thr eor s~ils

f iel: 1 h chain i s -orstructI'ed s sun a wFay s t c na T te

r-cst recent en~try -.t tha -mad c: h 'an

maC h en t ry YIn th e s., mb ,I t e c n ta ns a rb Fr o f

f ielis, sc- cf' Wnich ire cc'r-on t c al 1 a n S , 7 of

whiha:ronly tc :ae-tic-Ul c Ic Ss of enIs. k ll

f 1el I 1n + 1,e fi r s t tw b yt e S th' e rr, v i us syr-b 0l ta bl1

er a d r es s fie!! in the- thiri a-l f'c'rth bvytes; ezn tn-

forr- fi-ld in the fifth byte. The- rerai-Ing, fiells are j u

to0 un i ci-el y describp- e a ch -n try 's attrilutes a n

characteristics.

"here are eight different %irces of ertrl-s i the

NPS-PASC>AL symbhol t a ble . -a ch cf t hes ? t yne s '-as a u n ic ue

t'ree- bit code, in. the right-m"ost thr,,e bits of its forr

field. The remaining five b its in the fort- field ft'rthur

subdivide the entry types ar-onz the eigt lassers ac ,or~inz

to the oarticular characteristics of the tyre invclvrel. --he

form. fielo. bit assiprmnrts are surt-arized ir Table 1. -ne

characteristics are de:scribed i r detail a s -?a ch t y n ,c f

symrbol table entry is preserted below.

16



For- Vale '!ame cf Fntry it ?-trr

Label ' "U .

xlF Corstart

41T Sig.ed identifier ZI .

1IF Peal Y? ? ?"1

1A Tz el 11 ? I
CSrie S r 1 n1

42' *1 nteger f

527! Chr. aI r1
5 A IToolear I 11 jI

7AH Typ.e declaration 7!111 e 1

x 37 Variab1e
3 Sralar 3 2z II

I r.nt e,-er 7 rl.1 0I

Cha racter i ?17 cll
IB. Real 0 011 411
23= Cormplex C'c 1 Cii
27 Boolean i7 171 711

Procedure

X-=5j 7unction
Function 0 v 7 l l

Fi le

x7E User defined
P Scalar % IlI
ZF7 Fnumerated subrange Z3 Z 111
4FH Integer subranze ' £1 11i

Character subrange 1, 71 !11
17W Array 00!3 II1
1F7 Record , i1 111
r Field (of recor!) I cI iI!
9FP Tag field lZ ll 111
FFVariant field i 711 il

277 Set ?7 0 1i
2FI F ie 0 101 111
37.. Pointer Op 117 ill

Table 1.

17



-he f or7 f i lA r: a n~e 'r -a~ :

h 1-, hsn va2 I.e cf a e aoels r cr ir na7e is J~ th9

b.t:t= '-ash vl is stcr=d focr :-cilisic: resiluti,.n

!,-ter. :hie 1le' Pth of the label fcllows in t.-P rext on-~ 7,

f I P1. :he rI n~f~f~ ha ra -t-?r c a7-e ar . C~. P-r t% te

the len-th fiell . A two byte field fndlowin- the- :r ir t ar-

co-hara ,t ers conrtains a s eq'.:mrnt ia1ly ee7 ra talI tz-er- vza1--1-

which is assieneaI as the 'Label's irterrnal label ''r.r- '1-

Value Is Usedi as the target for branT'ir -, nr t-,e

irterrediate code. kn exarnle of a label 2nt-y is 5-owr. in

C' ors t ar. t nt r12s

The fortr field cf a ro-stant sv'-ncl t :bla ~try

i~e~ifesthe type cf ertrv, ar-i It=e jIrti-,-,a, tyre? Cf tne

7crstart Ps w-11I. Teeare fi ve Valid t, :=S of 27on5tartS in.

N 5P A3 r 7,: a n urn si r red id e nt if-0i or w it V CB. 5 41 a n ire

il-etiter w it I F C? F 4l:: a, integar wir. TOPY ? T a

real valu- with FoRt- = 1iz an~d a string- constant wi tr TO

= l. Following the form field are t:ne nri-tn,eens

flI ,. tnze lemzth field, and tie nrintriate rharactmrs-

The valur- field :-ay cornsist o nte e't

field ar~d the- rDrintnarre rnaractecrs in tV- cace of ilentifizer

and strir.o constants, or it tray contain the internal

r-m~resentation of a rorsta-t -u~rber (two bytes for irte.-Ters

cr eight bytes for reals). Two examiples cf oonstant entrimac

are? shown ir Ti4-s. 4 and ~



sorr ybol
A--r-ss Table

7 727 07 F/ 717RY r s

71704H ocar l.-R r,

'73Z4 5H DRM
"3 5E DH EA

7:0 F. EPR I.TNA Ct

77C7H 3E ASCII CAZ C-T7

73-E E kSII CEARACT=F 7

720 H \ L- Nl Uv -m

- - -- - - - - I

S? L T L I /T
---------

---

---------

-- - - - - f

STM3CL ARLY LOTH "NTPY

FIGIJRF 3.
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CCN-.  E "' _ = 21?':

.. , Svr bo
Addr:_-'s sabl-

730E a H\ CCLL S1C'

77CE ?OE/ AI.R SS

73? E . p ?- q

7 7PNT-Yx L7'9T --

7! 4FH .aSCII CH2ACR.FF T Q
,7311 4FE ASC CA- ALTF1

------- -I

71, . 4CE .ASCI CHARICTER L

6H71@ D411 C\ S- (' A NT 'A T t

.73177 / .. .

SYI'B(OL TABLE UJNSIGNED INTF&, ?

CCiTANT ENTRY
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n ,

V _ o'v Ey'-bc1

v7 C 2 H . rSS

IF F 71 t / E'v"~V .-'l U-cff

7:? ? _T-

7312? 42z1 ASCII C i.ACBP- "

-7r). ? !S7 C.-.P Ji

I & 4F.=  ASO!I CE:2CI C

1 - ---------- C -! AC _-P

- -"____TI

42H ASCII CHARACTER M

7317E 4C5 .C!I C E A D.CT? T

A4 CI ........ C~
731E I-E 35.

7 ______ 1I 2 H:1

?3 9 ASCII_ C= .A TEI

77 k-I SCTI C A A 7 -

Sv!M RCL Tk3Lr S'IRINr CCNSTMi- F'iTRY

FIr-U?.F 5.
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a... w C ' s s -of 2 . . .. e t.-

s y-b c 1 tPb : s i r I e tir-,_ entries.  _i .. * -..: - ] r '

e'tries. The sirple type entry n9n eitht- re cne ef

N?7-PASCAL's stanzard tyrces. or a nrevioIsly 1fi.44 si !

type deciaraticn (sfa1ar or subrane). :n the letter C 5

si."Tle ty-c -ntrv is -ale in the sy-bol t2 ! ,

noirt-r to th-e scaler rr su rar.-'e t , f- ca-- r

the forer ',se. cne of the ll'Wjn. s Anier tjre, wil be

essli ned to t'hm ty.,- en ry.

I -t~?er - The values cf this tv-;e ere a subs=t of the

w- cl n.rumb_3rs w-'cse range is th- set r i s

-r .t , -ra x n l, .... -17 8,x ... t 1 r -l,-a t

where Taxint = 72 7

-eal - The valuies are a subset e °  "h= reel -a

conslstlrp" of' fourteen d ,Its r-ultin -ied Iy ter. to

the -16-Ith power throurh ten to te €3rd po,* r.

loclear. - The values are denoted by the identifiers

false and true", s12c- that false is less than

true.

Character - The values of this type are the ,1lfir e set

of characters desoribed In Pef F. The followln,

relationships hold for charaf-tor types:

22



(~ ?-e sb~etof -a e 'i~r~-~

2J eh subce t o - -:i'tr '.js r -e9 -

'lir C'=50 letters a thv( s roe '

d e f I n- t'lrzoes f cunc elIsew here I n the so,,, e -. I i

osil trlef'in= a cha In of t'rr ~ d"ar ti ors knea-:

wcruld 'be an . rp o-^ the t.pve a-ay iw 'i -' I isa I " C

-, tC ise asrolA

'he syhhr"1. table enry ,,- t~

t t :ye7er zy " ras t e F I'll "ralu- Of' 1_ . A t 7,

te 7'C? val1 u o f 41-4, -Za- coara:tar !Trooe 8 has a 7h ~C?~'e

of' 52t7, a-nd a bhoolear tyn2 has t'-F~P vaiice cc, r;p

vpluo of nai rQc'tes tha~t an e-dditi 0 rl 1yp oc' i

-ntry, muist be accessed. 1_t.= fi-ld f'cjjcwi:j-n t-l f C r-

0 n.e ""It e f l d (,o r t a InIr z te h as e v a l'e n f tn n rae.

The- roxt byto -ontains t hem p ntrarne I e"-Pth .Wh i~ - Is

f cll!owed by t he p intrm- cha nters of ar fType I - tifi -r.

- las t two by tos co nt a Ir~ *-rz 8ad--rss of' th- sreril'led

type. Txar-Dles of sirr'.1e tyre ertries are snow: in. 7i-s . e

2 3



-vp - (,V 7

2-. ---' 7-. ----
7.Z5E 7. . L z

7Tg 4EE Ile~ CE-v T_ = f

7'. C -.-- 7? ' .. . [ Z . :

41/ A '" H 71c

~32F 13 ?rv~~s27?

- - - -- - -- - - -- - - -

7 3 A A 3cl3CV1

?A N?-Y

--- ---- ----

-- - --- -- - -- C

I v

0rot prrsl r?LF uvp: IN:?;??F EVSY:



~v:c --I-

7°±-- _ 17E\ :iz>:L' £ J=
-- - ---~ '[:-- - - -- " D r -z - .

----------

1F7

?I29£ 4- -_ - . -' "'-'. -V

"I z I

7" , .=: ' ?I C .. ..

I3 C IF 3 . T S C

?3?AEi 777I 2~ :

SY22BOL T 4-E SI3L:IY I TN-Y A2~

7-7= r, 1)

FIBU A,'z.

- - - -

I .

772 - AS I I=

- - - - - - -

I I Z

- - - - - - -

2 EI: 3 1
- - - - - - -

SYVCL EL SI3L C7 B?

DAI)U7B? 7.D



7YPYve 0;' -: -sy - "

e.-or;; yrboI

- -- -- \ -- S

7' 27 "27U/ !"

".24_E lE '\ ?T--VICUS 537%L

-,' z I 7'-. ... .. v .R r'-¢..

- I

732?: 7 k, ,.

'7'3 2 ____ F C 3 S _'3_L
----- ------ -

7 29H 4FH ASCI T- CF.ARPC:7B.  .,

" 2H 555 rSlCTI C.-X1. "CT- U
-cI

763E 7s: A H TOC??
I-- -- - - -

R3 l T V7 T -ki

r IC

- - -- - - - -

7~3CL T.A3F SI?'PL A:YPE7- nN?7

-----------



- -- " - "S: " o

D\ CL::SIo

/

7 -22 ?.1 -: 1 s:- :

.. . .....-- - --- -

7 Z! E :7 :py r:E c

732 ,-?eEl =., . -"

--- - - - - - - - -I --

73E

7!?C 14E 2.L .Fs' s CT

----------- F

-I

7 ___37)____ -0t 7I CIC

7Y32OL T.LE SIT"?LB 7yE Th:§i

-----------
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e~ ~ ~~ Ta: tre, S~-~ U -'~t'

(1' Se.1ar Tv'nes. ?Py defi'Ati c:.acaa'm-

is an ordered set cp values w~rse et Ij =r a- -'z

to de"Ote their V8a1':S. -he f o rr- f io Z '-j 4o + ~ ~

tyoes t-as the vaDe 'l T 3alr~-trm cr, :cr'. 4 -

iecla!'ptior: en t n es t na t ha ve r a --e ssibi 1,zz i n,%.

C o rs ea le - ' h re~t two f e1~s '^ol 1 tnm :ri rt" -a-

valude and 1- eth . h 0 ri r tw i a ra: t r 5 follo110

fel11s. The ne xt f iel I s aby te va C 2c a r _P tr~

er urora(? ,,al?*,z*) t'- -ar'e =n~ fh e:lr i' ',h t

i r,0 wi t '-ey azea - i n the ena rti -c J ~ ~ i cr1~

a twn h- fil e stori-- the sv'r~n table P-dress of t:'a

parent type. Th"n so-Iala-. ty?- entry will I -'c r, :t, - t c 11; y

varieblp en~try clai-inz. this tvne . k" p-p-rDIP rf c c iAr

tyr-? entryr is presente i I 'lg. 10.

() Subrarze -e k sub!-a--P + vn p is a

du~olicate de(ola-atior of any othe r n-evlusly do-,irep -'la

typp, intceger type, or character type, but withn a snelip

lo)w~zr ard un~ner bound orn its ele7rrnts. The frF fill4 of

subr~ngm entry is f for enumrer t ed ele=--. o, ~ o

i nter Plerrerts, and PF'F for cha-aicter elIer e rt s. _7y t es s ix

and seve, store th- Address of the subrarn-me em7ert 's ncare--

t:.rne . Pyte4s zij~lit and nine hold the low value of tme rent-e,

2E
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----------

*- " '. I-\ . ' . W* -

-- --. --- --- js = -- J] .

,- -,,- ------'-" -" :

,I I'U F

74ASCI -

7 345 4 FSICA~:

- - - - - - - - - - -

77~ / ~ " C

----------

7~~~~~~~~ ZI72i -. n - :n

- - - - - - -

S~i3C T3-----------T~(S*~A?

-----------



hile the ,,en t two Vte co'tar t0 n t a f 7

range. e fc!Icwir field is twc bvtm lc"-r ari strras t '

totel nurber of eloerent S r r r nr.. ? e d 1 s la erent

vector is rot storel with t-=e sibr , sinn= any i-n

subrant'e could serve as the inde- to -reys f ditfere nt

base typos. The displacerren L vector is stcre. istead with

the array ectry itself. This entry w!ll be 'pointe to by a

variable entry cl1rtirng this type An example c" a sutranEe

type entry is shown In Fie. 11.

(3) A _1ray Ty_es. Th nreedinr two type

declaration entries i, iJS-P.SCL are called si-ryle type

entries. They are symbcl table entries usin - a s nrIe,

zredefined type. Structured types Pre co-positio-s of tyirs.

in other words, cne or more tynes are used to describe a

sin !e symbol table entry. k structured tyce will have a

type declaration ertry which contains the prLn tnare, a.

which points to the structure type entry.

The array tyne is a structured type

consisting of a fixed number of -omponents that are all of

the same type, called the component tyne. The number of

components is specified as a scalar or subranpe type and is

referred to as the Index type. INTEGrR and RTPL types are

not legal index tyres; however, the scalar or suhrane type

can be of the tyre integer.

ine syrbol table format fzr an array entry

has the form value of 17F. Tne followirg byte specifies the

number of indices, or dimensions in tne array. The next two

AMS



Vero 0ry 7fb

-Z-' --- Z --.- ----"

73. 9F0 \ SU'LAsC

r 33w Z / W : .4Ls

73 417 4.I -7 T "

"SA7E ' \ s:.T ,-," . T , cT

"'"E73E / P". R C: :LY 'T "

73A 7-- 2r S Q 3 T S C

SY SO\ L_? SU'. 'IC

- - -- - - - - I

. TIT

S3

---------

7'Z~ AIQ

'H 7 IV -"

- - - - - - -

7. IkDE7ZFr77

- - - - - - -

SY'3O ----------- YT ET?

----------.



fields are both two bytes .o ,, "4e firs* -or'a ia - o

address cf the comporent type tre e cnI c rtLea nFn t: e

total stcrat? r equl rer.e 7t for ne array i- byt - s

S eleven th byte cf the entry 'nclds a value desii-natireg the

type of the array's corr cnent as cefIned in TabIe 2. A two

byte fi-ld follows with the symbol table addres of the typ e

entry of the array's first dimensior. This is follow.e by a

two byte fleld which contains te displacerent vector f'cr

this dirension. The displacerent vector for -ac.. nirensicn

represents the distarce In bytes between two eimerts cf' the

array whloh have a lifforence of one in tae ccrresponi-n-

subscript. If the array qas more tnrr one dimension, fc'ur

more bytes are allcted in the sy-bol tale to store the

address ara ,isolacement vector of eac - adaitional

dimenslio. This entry will oe pointed to oy t:e variable

entry claiIne this type. t1 exarple of an array type entry

is shown i. Fig. i2.

(4) Record Tyes.. A record is ancther N S- ACAL

structured type. This structure has a fixed number of

conponents, callea fields, each of whict can be cf any

defined type. The syrbol table entry for a rerorO nas th-

form field value of IFE. Bytes six ana seven contain tne

storage requirements in bytes for thp entire re-crd. Brytes

eitht and nine store tne symbnl table address of the type

entry of the last field contained in the record structure.

The remaininp field entries are loratpd by chaining back,.ara

to the parent record entry via t e lrevious symbol taole



ABASIC TYPF O7 Cc, PONF"Ts

VeaIu e mea n i n ( 7 m

r c F " r! i ra t e
LiE

Z5-" rcc1'a

T02L7 2



v =- 0r.y Sy; o01

Address Table

7Z. Cr E \ ... .. LTSC.'

?3CEE 20E/ c. st l ol

7.C FH I H \ P VI1US 3'l

3 .,/ F' 73v kDDF-SS

7lF 177 FC TM

13TPH \ PTTL HAEF7SS CF

ME 7 / CCW'O'T TYPE

?n 4F 01F H \ TOT-A! STrT .7k7'7 *IE

737D5 E/ vcTS

'2r" 17 A?PAY

"3 .E E / ..F T

731'9. ErF \ S FL :-'ss rc

7PF 73 F F T p :1 VTNs ir

73LPFH \ DVSLA'',,. V"TC?
!-

73DCE /I C FI?s ilvT1 IIN

3YM OL TATLF APRAY TVP? FNT-'fY

FIC-RE 12.



entrv addlres. An exa c f A r-"rd t:),-- irt 5 c - n

Each record fip! cos4 '-* of a- =

and a tyIre. The for- f ield of a recorl entry -as :al ,. =  o,

5F . The following two fields are bytes for t 8 hasr a-d th

length of the printna e. The next field 'Icas t-e - rirtna e

characters. e s of tne rarent rero: c s St or,: i-

the next two bytes. The fcllcwin: field has a c-e ?-'te

length and is used to store the recora fipld's t.fpe. Tn:

value stored is also talcen frorr Table 2. wo r-re bytes arm

used to store the syrbol table aidress of the ty: e ius"

indlatel. The last field of this entry is twc byte5 Icng

erz holds tze offset of the record field fror, t he re-or

oase.

NFS-PPSCAL supports the variart fiJl' and

ta z field constructs of records. Theso two ki s of record

fields have symbcl table entries similar tc the cne

described above for fields, with the Pxcettirn cf T.e fcrr-

field, which is DF- for variant fields, and 7 H for ta

fields. An example of a field entry is shown in Fie. iz.

(5) Set Tves. The spt structure defines a set

of values which is the power set of a declared base type.

The base type is required to be a scalar or subrane type.

The set type symbol table entry has a forT field value of

27H. Th followin two bytes cortain the symbol table

address of the set type identifier. An example of a set type

entry is shown in Fig. 15.



e-orv Sy rbol

Table

7 E3 c H ?Z\ r' 7 ,T 3TC'

7? C 7 (A 0

7 7 T. T-

7~FF 1FH

(?Pei I H I OS 7A

SYW=OL/ ?LBS'R CRTC TPS FN'W

9 I I i

I I

- - - - - - -

7__ 2 Ir; CZ z

- -I

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

- - - - - - -

SY MOL TAQLF FC'IRD TYPE FNIRY

FIGURE 1-7.
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P TIMPFA T

N' or v S - -bo I
Ad I s Table

7 94E .. \ CCLLTSION

I s ____2__I______s

\ CFV US S1-- --- - r

m97E "' _r' TR &DTSS

70%9-E 5FE F V

-@g ; EAS

1-IP6 Ei t 7~U

" 9 2E ?B INTNAXB L V7gTE

29FE B2 ASCII CEARACTF? R

- -R - ----

79CZ ASCII CHARAC -

EB\ SBTL ADBFSS CT

I-I I--y ' m

7AI \ TL 7.DTSS C 'TT _________-"IST

70A1 H 01E / FIELD TYPE

70A2H, H OFSET F? ,

70A3H @0H / E'CCOO HA.F

SYVmOL TABLF RECORD FITL ,NTRY

FIGURE 14.
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M'e-o ry Ryrbol
kdr e ss 8 3b1e

13
EOIi I A::RFSS

73T7AE \ PT',VIc1s 3TJj

77 3 HW TqPY 7c

73EUr 2VE \ 33L AEC:?rSS '7

--------

777 /F £7'

I- - - - - - - - - - -_____

- - - - - - - - - -___

- - - - - - - - - --_________

- - - - - - - - - - -___

- - - - - - - - - - -__

--------

-----------?TYP E TE

------E-15.

---- -- -



consistiri of a eCum-ce nz of , - oert ,all rf the

type, is -alled a file. A file type in nie s a n . -

crderin, cf the ccmponents, wse :csitior in tnz file

drefires the sequence. A file ty= ecir;-tio- etry i- t -

symTbol1 t a ble h.as a f crmn f ielId valIu e cf ~F~ E h svcI t a C

address of the file type's identifier is tor'ai~el in t-

next two bytes. An e:anple of a file ty-e entr, : s;:;

(7) Pointer yp e _. ,P S-PASCAL su 7orts y-a-ic

variables which are generated witnout ar.I correlation t the

static stru-ture cf the 'ororam. These variables are

assigned a special tyne called :cinter ty- e. :he forrm fe

value is set to 37E, while bytes six ani sevan :cld t e

symbol table address of tne poirter tyne's oare ' crtry. An

example of a ointer type entry is snown in i.17.

d. Variable Entries

Fa-h variable declared in an XP3-?.SC- trc rai

is inserted into the sjr-bol table. The for- fieli cf tre

variable entry ccntains a value which describls the tyre ef

the variable. The values for this field and the associated

t;pes are shown in Table 1. Follcwine- the forT 'ield are tne

fields contairing the variable identifier's p-intnane, .as.

value, length, and the printnare charactrs. c t rv te

field which contains the variable's 5tarting- address in

Ie ory appears after tne printrame cnaracters. This ad-ass

is an offset fron the base of the variable area, cellea the



Yero'y 3:I bol

741Z "_F .  \ P=EVIP)T ... < ''

7i ... /...~ ADBs

Y?2FE = FC

er- "rS z - __ 1

4 ? 22Hi \ S-PL A.".33.S3 0 vF--------------F

------------ --_____

------------ --____

740,£ 0,: FSl FH'AC I

----------------

SVBOL :AMI FIL47 TYPE NTRY

7I U7E .

- - -



T/7?: ?W[T;

,M cry Sy bc 1
Aca-ress e

1

21F \ .v I C S SBT L

423 E 4H/ E?: Y AD_3SS
74-~ In;3

74,3 1ji 372E FO F

74 . 4 \ SL-B: AD?*:73 ('

7437E? / ?N ITER TYPY

I-- -- - - -

I . . .

I---- - - -

SY F CI TPFLE ?O:NTER TYPE ENT RY

FlPU r 17.
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P -c er a 7 Ve f- - nc e e-ablI FP, :' ar e s i 5 asc- I

the N FS-ASCAL ccde oenerat or. The variable "s "y~e

deterrines the nurmber of bytes assignee tc stor the

variable in the i. The ccroriler &ee-*s a rur:i : tc!c' of

the amount of stcrage assigned to all variables, an

includes this value in the useuno cot at t co r;let.or o

a successful prograr compilation. The interpreter/translator

subsequently converts the relative a-dreses in the

i nterrediate co.e to absolute Fidress in the final tar.e:

machine. Next is a two byte fieli which cc.tcin.s the SF IL

address of the variable's type. In the case of the stariar:j

Pascal types integer (FORM = PB),. real (LB), character

(13z) and boolean (23), this is the address of that type in

the B UILT I N$TBL. 7n the case of irte6er ani character

subranreS (27H), this field contars the eddress cO the

subrange type entry. In the c'ase of a scalar (0-77), this

field contains the address of the last of a series of scaler

(C7H) entries. The remaining scalar entries are locate? by

chainrnR backward to the variable entry via the previous

symbol table entry address. If the variable js a comnlex

declaration, (array, record, set, file or pointer), this

field contains the address of tho complex type's ertry in

the symbol table. If the variable is of a type previcusly

defined In the proram, this field contains a pointer to

that tyne declaration. Examples of variable entries are

shown ir Figs. 1E -2.

42



7.. A : I 7'7CF ;'

'-erro ry Syr-bcl
.Adress Table

FFCCHi / .DRESS

3FIDE 3DH \ PFVioUS S3T3L

SF CE E O / ENI.RY ArRE S

5FDOH 58E EA S

eFDi 1IH PRTNT:A - "i

6FE2H E /_q Cp S C I RI R X
I _____TC

6 r!E \ s H LP LC-ATIC,

6FD4I / PHRE:T

E 'L T5L 06-T- s Y I:T:7

-----------

CH~~ Z1 7P 7

I---- - - -

--I - -

SYM3ICL TABLE VAFIABLE FNTPY (INT'TGEP)

FiCtJF E L.



VA,- rp(T c !US, ~IVES);

'-roory Syrrb c
Address 'able

714HZ \ LLSbO

7315H., E / AD-rRrSS

7016E 7H\ PBFEVICLS S? ?'1 L

7017H 7 / F . R Y A r S

I PR

21EE 23E F?

7 '19E IFE HAS?

701AE 02H PRINT-NAE LFNC-

701E 4FE ASCII CEEAZ"EP C

7£!CE 5eE AS I T CEARACTFr P

701DH C\ P T LCCATI)5

717E JO/ ASS I&NFD

701FE 3H \ SY'LL ARFS C7

702£H 70/ LAST SCALA?
-- LA)

I ---- ----
- - - - - - -

SYvBOL TABLE VARA.IAE ENTRY (SCALAR)

FIGURF 19.



VA A. :AR.Y[ .. 5] C INTEGR;

!1eror y Sy.bol
Address Table

7721E 0 \ COLLISIC'!

77?2H C0E / AIFLS

?723H 14F \ F?-VTOUS S3?-L

7724E 77E / _NTR" AlDLTSS

772 K 2ORY

7726i 41H ?AST

7727E 3iH PPINT:;AMV- LTPGTET
----------------

77?BE 41E ASCII CPARCTER A

7729H 0\ PP: LOCA:I:n:
---------------

772AS 3H / AS I G ;D
-----__----

77?--E 3AE \ S T.L LR7SS

772CH 77H- / 07 A2RAY TYPE YNTBY
----------------

-------------------

------------------

----------------

I.-------

----------------

----------------

----------------

SYMBOL TABLE VARIABLE ENTRY (COPLFX)

FIGURE 20.
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e. -rocedure and _unctiorn T tri=s

-very procedure and futio a r P

zroeram as an associated entry in the symtbol table. Tn t-e

case of a nrocelure entry, the for!- field is assi rel t -

value L4. The hash value, length of the printna rr, and the

printra.,e characters imrediately follow the forr field. A

one byte field follows and stores the nuter of zara~eters

associated with the procedu-e. k two byte field is next,

storine the symbol table locaticr of a listink" cf t.e

procedure's parameter types. This listin: is reference: by

the compiler to ensure proyner mappin, and i- Iccate

immediately after the final procedure e7ntry in the symbol

table. Following the parameter type's address fiel ir the

procedure entry are thrge more two byte fields. The first

field gives the PT address assigred to ta= prccedure

identifier. The second field gives the PR address assioned

to the nrocedure save block pointer (S3?). The SB? zer-its

recursive subroutine ralls, and will b= exDlained in the

section on Code Generation. The final field ir tne entry

holds a label value that rust be branched to when the

procedure is invoked. An example of a procedure ontry is

shown in Fig. 21.

A function entry in the syrbol table duplicates

a procedure entrj with two exceptions. A function ertry has

a form field value of 05E; and one byte field is adued at

the eni of the entry to designate the type of thp function.
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OC77:F' TLC (X : IN~ VA?- y:XY

Memory Syirbol
Address Table

74rE \ CLLISICN

7 46F H / A:ER 'SS

76_H 6-E \ Pn7VICUS SBTBL

?470. 74H / ENTRY ADrRESS
i ---- - - -

7471H 04H yoR2

7472H IBH HASH

7473E 02E PRINTINAME LENGTE
i----------------

7474H 4CH ASCII CHARACTER L

7475E 4FH ASCII CHARACTEP 0

7476E 02H NUYBER OF PARAMFTERS
------------- I

7477H 97H SETEL ADDRESS Or

74EH 74H / PARAMETER LIST!DVy
I----------------

7479E 22H PRT LOCTION

747AH 00" / ASSIGNEr
----------------

7472H 2E2 \ SAVE BLOCK PCI.NTE

----------------

747CH 23H / !OCATICN IN ?P?:

----------------

747DH ' 1H2\ LABL P??CEEDING
I---------------

747FE E / PROCEDUREF COt:

------------I

SYMBOL T0LE PaCCEDUFF ENTRY

EIGUPF 21.
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Function tyne assiF-nrrents are also ta-:e, frc- -able 2. A.

exarrle of a function ertry is shown i Fi-z 22.

(I) orTal Peraeters. -or rl narareters .'.-c,:1iae

a mechanI sm that allows a procedure or function tc Le

repeated with various values being substituted. The formal

parameters are declared in the prc-eaure cr fu nticn

declaration and can be of four types: value Parareters,

variable parameters, :rocedure oaramers and functier.

Iarameters. _ach declared Dararreter has an associated symbol

table entry. A value parameter entry has exactly the -are

forrat as the variable entry. k variable parareter erntry

also duolicates a variable symbol table entry, with the

excention of the fort field. The high order bit of the fcrm

field is set to one for all variable -pararneters. Prcceaure

and function parameters are entered as des-ribea above for

rrocelure and function symDol table entries.

Figure 23 illustrates a sar:Dle series of sy-bol

table entries with a oroceiure entry followed by var.ous

formal parameter entries. Note that the final few bytes show

the listing of the Trocedure's paramret-r types that will oe

utilized for mapping actual jarar-ters into the fo rrral

parameters.

E. PARSFR

The parser is a table driven automaton and is 7cdelled

after the ALGOL-M L71. Tne LALF(I) parser generator r-:

produced the required parse tables and the vocabulary table,

VOCAB. The parser operatis by receiving tokers from the
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oer ory Sy7rbo1
Aldross Table

746DHEZ \ CL .. S:O

745EE ,I H/ A::R .;SS
: - - - - - - - - - --

7471 E 0 Z E S 

7 474-H oH ASCII SS

747TR IA ASGII CC'ARA C

r747Z5h 7ASOM ENTYADDRESS

7471E 12E ,UX.3R C? ?AB 'TTRS

"477hj CAR \ BTML AI ?TSS CP

7471 H 71Z i Hr FAI5 -

-- ...- -

747T 7HE / AA2T? H~i

79 22R \ PT LCCTIC

747A / ASIGNT" YE

------------I

747_ H 4CR \ SAV7 ?LOCV Pni jWT'

74" CH I Z / LCCATIO . ITN .FT

747DE 0ELAL FCE.c

747 7E £AH / PODUSE CF

----------------

"7FE 1BE HYPE 4: FUTCTI".,

------------ --______

SY,OL TA LE FU\CION FN?'PY

FICGURE 2.
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Sy-bol
Table

pniT - C /
pA?, B _v? :-( I/
LISTIP:, F 7. ,e 2F

0IE \ VALUJ PABA"FTT-, _

==H/ SYM CTL ....F TN: Y

- - -- - -- - - -

i = . .  \ VXLUT- F - - - . -_ .

LI.L ';_"

I I

01~~ V IIT PA.GNED T7
I-- -- - - -

-I

FIGL'?E 23.A !,I-

-- -- -- -

- - -- - - - - -

£'H / A '3I!77 E

N ~ ~ ~ V!u PAPAA 'E. TrS Sv'O AL v :.I
-- -- ---- --- 2

---- -- -



sr-an n-r, ana Iy z i n t hem tc a et -~ne: ? .erae a:c

the NPS-?ASCAL gramnar * then accents or re jef- t-e t

a accord iniR to th-.e F r a -ma r. I f the t c ken i s a c -)t eGc r cn of

two actions is takten. -he parser -ay slacn th e t c'ke~ a r

continue tc request t okzns, in the locKahead stat- , cr i t m a :

recognize the ni ,t art of a valid orod''uctioc and &pply t '-e

Droductic- state. Th-is results In a stack reluct~cr. tnQ

parser rejects the token, or ieter-ies tha- t ttpt<.

received does not corstitute a val;.i righ-t rart cf any

produc t ion In thle gremna r , a syn *1ax e rc rr essae Ail;~

orinted to the-. console and the- ?.BCOVER- 7)rcce!dune is cmlled.

F "CCTV7 is a procedure that per-!ts co-tir'ied prc_-n.a7

compilation inl spite of tbe= letection 0f a syntax error.T_

zarser bacirs uD one state ari atte~rnts to Conti 'Ue pa- "

fr C th at s tat e. n the elven t rof failu r e, th a rn5 r

continues to back up u.til1 the en~d o f tecurrent lv _r r 1i 4

oroduction is located. At that point th- invalid tekacn is

comiletely bypessea, and an attempt Is Tade to parsem the

following teken. Tnis process continues until an accepta=ble

token. is found.

The parse stacks in NPS-PASCAL consist of a state stack(

and eipght auxiliary stacks. The auxiliary sTarks are

iarall-l to the rarse stack and anre used to store

inforration extracted fromn the symbo'l tablea needed durlr.e

code gePneratior. Tne stacks are:
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BkST57LCC - stores tnep symbol *abl adws rf -e

or e" if I pr;

,CRy5FIELL -store the formr field val' e of 'n-~ cu-n

ilentifier as refle-ed in tne sy-,bcl tab!-;

TYPF$S:AC{ - stores the ty-e valu.e of t,,e iaertifoi-n

POT 4Ar:P - stores t~e ??T_ ai~iress n.f the, ider tif i r,;

LAB' ,;L$STACK - stores the l-Abel value t. be use '4:

brarncning inst-uctio~s;

PAR"NUM- stores the rurber of f orrral ,)a raeters ass cilat ea

with a rrocedure or fur,-tion ;

PAR"? ! $O - stores the sybol table ai'iress of the list of

Oo rrr a I ararrmter ty pe s associate! with -

procedure or function;

FXPRFSS$STK - stores the type value of an. exniressJor.

F. COE--F GENERATION

The parser not only verifies tne syntax of the- so'z- e

statements, but also ccntrols the eneration co' tne

interrediate code by associatnej semarnri- action~s with

Droductto. rul1es. Wh en a reduction takes r 1ace,- t ne

SYNTEESI!ZE nrocedure ( in SYNT12.SFC) i s calIled w it h the

Droduction num.ber es a parameter. The SYN?%!'SIZF pro,7dure

con~tains an exten~sive case staterent keyea by the pondur!ion.

num'ber to perform- the erpropriate sernantic e-tiCrS . Toe

syntax of the laneluag and the sem-antic actiors for each

reluction are contained within the listinz of the modulp

SYN"TE2.SRC.
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'undar-ertal to U erst = n r 7 S e aI

o:eretor , . "- us : r 'O - .' a t

!c'run2!'.a 4ior oxatrs tn ": n a'- ,.._ ... tr' 2c-c: C .. . . . t. ' - . T

urAest ~~ tre .\ S-PASCAL -eoier cstr s e"  to

C. "e C or-i.c used o -e ta .. -S: ' t et-7 t .

Thc; code will ater w usei t' ecerae the tar:et '=

- aer e.

1_ Storg S Al ~ocatio n

m a-c'nLt rf stcr a F- aiic-ated t a v i bl ic

'function a: the type of the ie7. Tar 'D - C':- - ari

requiring storage spae, ti=-c crrpiler s ecifies the r.urter

of bytes to be allote., anz keeps a rur:ni n total of tne

number of bytes assigned. The total rount is the.- passed tc

the code penerator to establish th- size of tn= Pro rar,

Referenre Table (PPT).

a. Byte Data

Byte data iters are stored in a singl- byte in

rerorv. 3yte data Items car reDresent c,.aracte-rs, nurers,

or boolean variables.

b. Integer Fata

Integers are re;resented by two byte locations

In remory with the high order byte pr-cedin;" the lcw order

byte of the inte 6 er number. Tfte storeae ies1tr i-itates the

function of the 80EC-A microprocessor [F] in Its rovepent of
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!ata frc- r-!ory or fro7 the s-ac, , rte thr cro~ rs

d cube byte registers durine prcgrarm ex cuticn. rte ers are

renreserte! in tw 's cor--leert fcrr, wi t te hi --n crier

bit actin, as the si6gn bit. A zero hie'h orier tit iriicates

a posittve integer, whi le a high orda- "it of ore ird>-ate a

regative number.

C. Real Data

Peal numbers are renrese-ted in birry 0c ed

aeciral ( CC) fo rmat. Eacr real nur ber s re senta by

fourteen decimal digits ana is stored in eight ccrnse-utiv'e

bytes. When loading a BCD value onto tne execution sta-k,

the byte loated at th.e lowest memory address contairs the

siPn of the number alcn wi " t'e s i n -n rra ni t t c .e

exponent. Succeding bytes represent twc deci7, l z:ts ,!

are ordered backwards, such that the byte clcsest tc t'.e

exnorent byte contains tte last two *dciral di-its of t e

nrmber, while the last byte contains the left-ricst two

decimal diii ts of the r uroer. he fore t of a 3'1 r ur;er i .

memory is displayed in Fig. 24.

Trhe exporent byte in a BCI% number uses the hig-7

order bit to indicate the sign of the nucer: a cne

indicates positive, a zero negative. The re-aini.g seven

bits represent the exponent and its sign. Th. excnent is

biased by 64 so that values greater tnaa t4 (i- seven bits)

depict a positive exponent and values less that F4 uepict e

regative exponent; the exponent is the lifference betweer tSi

and the actual value. The bias allows e7ponent values
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-rPY 1N7. C S ?.3:4,=73;

3123 , -E2

Verry I

Adiress

1172H ' ! 42-J

1103H OH 1 OH

1134H ZH OH

1I106H 7H PH

JlZTE 5H 6

1lB 108 II , 4H

109P 
---- 

---

11@95 I I 2 I

110 1H 1? 2F

133AE

BCD Nr'%13FP II ;'.MCPY

FIGUR_ 24.
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ran zi nz fr o.7 -E4 to +5', ;7 r 'e. a1=a5 .S:r "hat

t'e ieclrral point is norT aiized beto. - :irst -

d.Strin _7ata

Strings are stcred sequetia ll. Te first 'yte

of the strinz stores the strln length, n'ns 1.. et

strings tc a lene th of 255 bytes. :-, eiatel fcllcwr t e

length byte aro tne ASCII characters nf tne stri-. -

2. Arithmetic _Terati_cs

2. Logical Cerations

Logical, or boclean, orerations act rr. byte

values of zero ana one only, A. zero value indicates a f-lse

ccndition, while a non-zero valuo ir irates true. c;i -a

orerations requiring, comparison be"ween twn elener s rot:rnS

the value of the cperation in the true or false form.

b. Integers

Arithmetic cperations with i nte gers are

performed by taking the top two values fror the ee,-utior.

stack, and placing ther in tne double byte registers in the

Pel.e iricroorocessor, and then carrying out the requested

operation using the ricroprocessors native functiors.

Inteer arithmetic includes addition, subtraction,

irultiplicatinn, division with truncation, -odulo division,

logical comparisonr, and transformations to real (rCr)

f orrt. All corMutati on results, except for e a

transformations, are returned to the execution stack in the

two byte integer for-at. Pelatlonal operatio-s or two
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irteo-er values are carried cut in acorc.ance wit t . s

for ir teer arithi, etic.

P. eals

Peal arith-etic onerations are 7,rre c mleir tnar

those with i ntegers due tc the nature of the ?Cr1 forat. :he

process is sirilar to that of int-ers in tnat pairs of r-ai

nurber v'tes are oved to the E0EC- rpgisters. The recuir e

operatior is oerforred, ani the resultinz real value is

returned to t.e execution stack in the eig-ht byte ' C

forrat. Peal values also follow the rules of i-teger

arithmetic when invrlvei in relational operationc.

!. Set Cperations

'he set operations of set urior., set differer-e , s-,

irtersectior, set ecuality and irequality, set inlusion ar,

set rerbership are not i!rlemented inr this version of

NPS-PASCAL.

4. Strinp Operaticn5

The relational operators o f eqality ar inequality

have been implemented for strings. The remainder of the

relational oDerators denote lexlccgraphi, orderirg ac!ordin,

to the character set oraerin, and are not implemented in

this version of NPS-PASCAL.

5. Procedures and functions

Procedures and functions, also called ,ubroutires,

give NPS-PASCkL the ability to display prograr segrerts as

explicit subprotrams. The only difference between a

procedure and a function is that tne fun-tion returns a
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value to the too of tne execution stank after it is i'-:e

a nroced.'ire 'ioes not. Tis means that a fuon(tio , ali

actually represents an arithmetic exrression. ?rceo;:e.

calls, however, sand alone as prc-rar statemerts. An

analysis of the followin g procedure and fu"nction
irplerentatior by Blanton and Moore [] conrclud- that the

current design is inadequate. insufficiert infrraticn is

passed to allow parareter mapping" f'ro. the execution sca-

to the PRT.

a. Invocation

Procedures and furctiors can be i-vo~ei with

zero or more actual naraTeters. The list cf actual

tarameters is substituted intc th- zorresoonr.r. list of

fcrmal parameters declared in the prncedure or fun-ticn

defirltion. If tne formal parameter is a variable pararreter,

the actual narameter has to be a variable alsc. Shculd the

formal parameter be a value parameter, then the actual

parameter can be an expression, provided that the ewressor.

type matches the forral parameter type. Fcr procedure and

furnction formal rarameters, tae actual arameter rust be a

procedure or function identifier. Actual parameter types are

checked against formal pararneter types stored Ir the symbol

table durinr propra r compilation. The ,rethod of 1;ssin)

actual pararreters" values is via the execution stack. :he

procedure or function 's memory locetion is generated in the

form, PRO <label>, where PRO is a 7nemonic -reanin- "branch to

5 E



subroutine", and <label> is the label value stcr-i in tne

subroutine's symbol table entry.

b. Storage Allocation

All rarar-eters and variables declared within a

Drocedure or function are assigned a location in the 1=3.

These locations immediately follow the PPT Iccation of the

nrocedure or function idertifier. Unon re.o,?nition cf a

comnlete subroutine, anotter P?-T location is allocate: Ts

location is called the Save 1lock Pointer (SPF) for tie

subroutine. The FPT locations extending from t.,e

subroutines's identifier location throu,"h tne SPr rAke up a

Pocedure Control Block (FCE). The effect is that the PCr is

a contiguous set of PRT cells, as seen i Zn '5 25. :he P'3

construct is based on the one used in ALGOL-E 'i, an.I its

usefulness is in recnrsive calls to a nrocedure or function.

c. Parameter "apping

NPS-PASCAL uses a sche-e si~iler to AL'CL-F r11

in mapping the actual parameters of -d procedure cr function

into its formal parameters. kfter recognition of a

subroutine identifier, the actual parameters that are

identifiers have their intermediate code zenerated in tne

for!r of a "PARK" or "PARMV" rnemonic followed by the ?-T

location of the actual parameter. These mnemonics lead the

execution stack with the values of tne actual parameters. If

the actual parameter is an expression, the expression result

will be loaded automatically or. top of the execution stack.

Consequently, the compiler renerates the rmnemonic PARIX
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after recorrizinr a complete expression that is acting as a

value paramoter. PARMX will not require any action by the

code penerator.

With the actual parameter in place, program

control will branch to the procedure or function itself. The

compiler penerates code to place three items on top of the

execution stack. The first item is the number of formal

parameters (f) in the subroutine, the second is the PRT

location of the subroutine's identifier (ItLOC), and the

third is the SBP address in the PRT (SPPLOC) of the

subroutine. The compiler then generates the SAVP operator,

followed by the total byte count of PPT storage (t) assigned

for the subroutine's identifier and all formal parameters.

This is followed by a listing of byte storage required by

each formal parameter (Pi) in the PRT in descending order.

The execution of the SAVP operator is expected to cause the

followin- actions to be generated by the code generator.

(1) The SBP location is examined

(a) if SEP = 0 then SBP := 1, else

(b) S P > 0 and segment length (SPPLOC - IDLOC + 2)

is obtained from the top of available memory,

for exarrple, at address x. The PCD is then

copied from the PRT to the memory segment at x.

The contents of the segment at x is then called

the Save Block (SB). SBP := x.
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(2) Tie tou two ele-ents of t '.e executier sta are

deleted; th e next element (f is ce-i-d an-

deleted fro- tae stack; Pi : (I

(3) If f = e tnen halt. All actual -arameters have beer.

copied into the foral narareter locratio< in

the PC?.

(4) PT locatior (IDLC + t - p()) top c f exerutior,

stacK; delete the tcD e1e- t - f the execut ion

stack; t := t - p(l); p(i) := p(1) -

(5) f := f - 1; go to step (3).

This nrocess ensures that recursive!y callir.r- a subroutine

will not destroy the local variables and parameters of any

Drecedinz calls.

d. Function Return Value

Coupled with the SA"P onerator is the UNS?

(unsave) operator that reverses the actioS of SA'7P. Two

parameters are recuired at the top of the stack, the SP--

locatiors in the PDT (SBPLOC), and the PFT locatior of the

subroutine identifier (ILLOC). The actions, then, of U' SP

are:

(1) The value stored at IELOC is copied tc the ton

of the stack (this returns a value for the

function calls: this value will be deleted for

procedure calls).

(2) If the value of SBPLOC is greater than 1 then

the S3 at location S3PLOC in the free rerory

area is copied back to the PCP and the memory is
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freed. If SEP 1 then S? o . Consec-enty.

the UNSP oDerator returns a value frcr functlcn

calls, and restores the PC3 in the event of

recursive ,alis. Fi'ire 26 shws the a-tion- cf

the SAVP ana UNSP operators or. the PT and t he

executior stac&.

e. ?orward Declared Procedures and Foun-tions

To permit tne invocation of a pro-dure cr

function nrior to its definition NPS-P?.SCk. utilizes a

forward referance. Th forward reference consists of the

procedure (function) head, followed by the word 'C?WAR..

When the Drocedure tfunction) Is defined later in the

proprar", the parameters are not repeated. 7CRWAD is not a

reserved word in NPS-PASCAL. It is instead referred tc as a

directive. Directives are identifiers in ;4PS-?ASCA,. that

car only occur i-mediately after a procedure cr function

headlrn. Mirectives are contained In the BUILT$IMST3L.

f. Standard Procedures and iFun-tions

The built-in procedures nd functions that

currently exist in NPS-FASCOL corresnona to the standard

procedures and functions specified in STANDAPD PASCAL. Their

oneration, however, is ccnsiderably different from ser

defined procedures and functions. The corpiler first

generates code for any subroutine actual Dar; mzters. A

mnemonic for the built-in procedure or functior is ther

generated which tells the interpreter/translatCr that it

rust remove the parameters fort the executio- stack, verforT
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t'he reouested oreraion, and return. the result to - sta,A.

:he standard jroceaures for input art outn:t (7-edi, ;ea lr.,

&r1te, and 'Ariteln) will not recuire special actic tc be

taken by the interpreter/translatcr. Th- re,,ainirz st.ndara

procedures dealing with files and noirter variates -ererate

mnemonics that wil reauire artior by t',

i nternret~r/t re nslat or.

E. Innut-eutuut

Input and output (I/0) can be handled in two ways:

via console and via disk. Console I/ refers to the 2evice

the NPS-PASCAL user is utilizing to Drovid commnands to the

syste m -- usually a CRF Terrinal or telet;yie . risk T /C

refers to utilizing auxiliary files on tne .15 for data

,ranipula ti on.

Inrut fror consle I/0 is achieved! thrO ;FA : or

RJAELN statements. Console output is accorr:lished by the

WPITE ard WRITFLN steterrents. InIput to th.e console is

accomplished by an operatine syster routine that reaas one

full console line into an input buffer. The cole cereretor

generates code to examine the buffer an convert ASCII

cheracters contained witnin the buffer into apororriate

NPS-PASCAL internal integer, real or strinz forrrat. The

Irput value is associated wi th the arpror riate read

statement variable parameter and then stcre i in the ' er-ory

location allo~ated for that variable. A write staterernt

takes tre internal reprosentations of integer, decimal, or

byte values and converts they, to their ASCII chra ter



f or -zt. :es = va L.e s 8 r' t nen 'casse-d t c an c sI'

:;ri n t routine fo-- console out ut. !'cr. stans an c sr :

variables are stored as ASCII st r -7s ' the ir.ter7-date

code and the interpreter/treslator -ill s'ern -rte cre to

send them cnaractor by oharacter to tnn s,'te - t

routine.

:,isk I/C is achieved t"rough the sere reaf ari write

state.ments utilized for console 1/0. 'owever, tc rea, data

fro- a disk file recuires that t-e file iderti fier be

specified as the first para-eter in a read statert .ts list

of actual parareters. The file identifier nas tc Je

sDecifi ....ed irn the same manner for disk writ- statr mnents as

well. The file identifiers used in read and write state,-ents

rust be declared in a variable declaration rart of a 7rofare

block, or as a pro.grar pararneter in the prcerar lec lar. tion

(called 2r external file). The file identifier has a

s-ecific =?T en try assinee r y tfae compier. At o:rog-ra7

executicn, snace will have tc be allcoated on t- NP-PAS3AL

stack for the File Cortrol 3lock (?C") information reressary

to interface file operations with the operating system.

Additionally, space should )e provided for a 12z byte 1/

buffer for every declarei file.

7 NPS-PASCAL Pseudo -erators

A complete description of each of the NIPS-?;CAIL

cseudo onerators is rresentei i Befl. 2.



i T  .7:7 C 7 V .7r'-7- =--  ;: ¢= - T

.s r. ote in ief. 2, tre ' !iLZ- s:-T rust be Io ate< et

P0'r I CCaor it e ,ue e uta e e t

collision fieii ar,: :revious ertr'y addresses are ca ui tez

end entprel 0y aar. Care -ust bp taker Iurid-, the Tp:K ar.

LCCA'- 7 pro ra rs to ensure that th e . ., L 7 M A

properly. Since the LI NK nr n aids oD;4ru

tcne l -hr linerly, it is necessary to s , -:u.c- as

the first module irn tne *2o -r-d lire to t: e 1aN-K Dr 7 -.

-h;ile orpaniizini the Li, ed together ro ules an-4 a:sti: s n

the addrss into bsoIute o!, the 7)2AF :rorar us-s a

aefault orqer of CCr -  STAC , ATR .vf?J. Ccrst ants in the

FL_-E3 source Dror_ - (disti -. 1
. us f'rcr VariabJes Z t-.

A A dirertive , however, are ai cc te 7cry f.irt, 'eC .e

... executale code. orcirq the o- r'P ddess a2ss s .- "s

tc start at 0177 with t-e dire-tive COLE :ccE. zc trhe

LC 'A- progra-r places 3UIL: :N: a t sc a t-rep bYte

du77,y field was added rit'h t ef c re th - Z1 i i IN

declaration. The first three bytes of th final C?/'

executable file 1 IZI and l-2 = ' are Lsed to st"re a

ju - instructio. which zoints to tre co-piler entry pcirt.

The two previous theses used an E6EV sir.ulatcr wr.2rh ran

or the Ir' 3E a-d zeroei re-ofry prior to Ina !i,, the

compiler. many of the variables were not nitlallizpd,

i rstead, relyinz on a zeroed re-or. loeatiorn for t'-eir

value. PL/"-FO includes two directivzs, INTIAL ar P! '-A



w:-. are use to se t F-e in it 1 val I i r

ccns ta-ts, respnctively.

An additior.ai ifferenc-! betweer ?./> e- ? -- is

that the latter allows an -mp icit di'esicn s4e -  " s

allows theI, tabl, declarations ink. LFS .S a r che' ... .o-!

declaraticrs tr be ad e without -n cwi-: or cuntin tt e

exact elength of t ha data strin. The iro icit di.Fnsicn

spcifier i s invcke! by enteri n an asterisk rst- . 5 n a

deci7-al corstant, i.e. (;') instead of (43).

Due to a deficicy in the rarmar anl its so, a ted

tables, a record structure was not reconized until tre -;L'

statement was parsed. It was then too late to initialize t!:e

variables used to analyze each re ord deratio.. As an

i!terim fix, the code to handln a r=ccr; de laretio. ca, d

beer written intc the scanrer orticn cf -h c 1-iler.

Cortrary to the structure of the cc-:;iler, when a recor:

aeclaration was recognized by the token r.rber, the record

initlalizing code was executed. Ccrrectln4 this rele-wa:s

the subject of a project undertaken by k.dersor ar Vvers

[101 durinr a course in compiler theory at the Naval

Postoraduate School. As a result of their work, this code

was removed from the scanner, an . placed in the oroduction

case statenent where it belongs. The pramrar was corrected,

the Darse tables regenerated, and changes to the existing

tables were rraae by comparir. the I stis- e-s and ty. i n-

changes by hand. In the SYNTU'2.SPC rodule, proluction 755 was

changed from



<.C OF- T YP ? : P FCc% <UL1 LIST> _ N1

to

<RFCCRE" TYPE> :: <-CC., > <: - LIST) FN:

and rroduction 56 wes added to read

<?rCOD> : := RECORD.

. record is now recogrized when the tokr. PFCCP is carsed,

and the initialization of variables takes place ccrre'tly.

kll the rerairing productions were renu:rberad to nrcperiy

reflect the parse tables.

The user assistance program SYM3OLT"3LT provided by the

last thesis effort failed in attempting tc print th= symbol

table for nearly every test prodrarn tried. Considerpble

effort was expended during the current effort tc deb'ug,

rrodify and ungrade this prograrr to a useful tool. Code was

added to determine the actual location in memory of the

symbol table during the corpilation, and the synbcl table is

moved to that address for processi . The SYN-OLTAmL4F

propran was eventually abandoned for a number of reasons.

First, it was attempting to read sequentially entries in the

symbol table which were designed to be acressed via the hash

table. All too ofter, the prora" crashed because it was rot

able to locate the beginning of the next entry. More

frequently, though, the entry in the syTbol table was

incorrect, causing the SYMBOLTA31 Drop-an to use incorrect

poirters, lengths, codes, etc. 7he SY''?OL2A LF .rcram was

replaced hy a much simpler, but ruch more useful proprarr,

called SYrrUl"P, which is describel in t '.e next parag-raph.
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7-he C?/" ut ili t W:Y ~a 5 C 7ie 74 crn -:e -C:nt

o f a f ile a-, a sirel1 column Of hex hera-'t-r zairs, a-

r e re 5 rt in~ a byte. Feco Lpair is ur-'eed Oy a s'ourdi- :

h ex a dd1re ss, wic h rc rres Dc r ds t r t,,adt - y t s add~ 7 t r

syrrnbcl tabl)Ie. durin- c olpi la t ior. dh ed re ss o f

beinnlrg of the symbol table is a con-stant in- th yv

prooramr, arct will haeve to be reset each time to ref le-t the

n~mw address of th-e symbol table wh~enever th.,e rccmile r is

ch-arge-d. This rnecessi tates r-?asszn1,lin,& SY~rUv f'r each ne

version of the cormpiler, after deter~ininr the startir:;

address of the syrnbcl table from tho :orevious S7BTB- ertry

address of the, second e n tr y. The - o u t out ro -1 the S V I I "'

iroprarr can be easi ly and eff ir'i-ntl s -an e d by hnd tc

determnine the conterts of each entry. Collision. andes

przvious entry adress nairs, tor - istan :-, Can usuall 1 Y

recog nized o n siz t . 3 ince rh :r 10ra r i S n 0t

data-dependent, it cannot cr'ash ii;u to imrq:c~jper smc ~

entries. k de-scription of tho chAne~es to the Cil/S. utility

U.ASV is provided in Appendix C.

Frarmining tne symrbol table,- from various test crcirars

showed that the address of the Darent type of si7mle

variable declaratiors was not b e entered p r ope rIy . :n

production E6,

('I rE MT V R S TPI NC-> < <I EE N71I FI TR,

code was added to save the parent type .

In th'e E-N7.?$S'JBtN'TY pro-edure In SYN'--l.S?C, thle

procedure SU3RtCASE was bei ng c alle d twice f (,r the sa rs

w7



limit (unoer, of tne s-.bra n:e. 'cede was a:-ea tc -c-- t.;e

second call to examine tre lower ii-it en4 t.us t r-rrtr

determine the number of entries in the sutrane.

In most case state'rerts tnroughout the -,,-riIer. there

is no ran.e checkirg done on th- variable i.sed tc index in tc

a case staterm ent. In PL/-39?, if the inaex ev:uate's to a

number Preatnr than the number of case staternerts avaiia !e,

the result is undefin.ed. In. other '-ases, se-irolons

representing no-operation rases were cmi tte't, cai-sirg t-, e

wror.z code to be executed for a eiver case. Code was a de

to direct the index to the correct case.

In a few instances, Pl/"-;O address variables (iC-bit,

were heirg jassed to byte variables(E-tit). resultin, in tr.e

eight hiph-nrder bits being truncat-d and lost. T e

ofPerding variable declarations w~r correcte.

::,her the compiler was broken into mo:ules, there ;,ere e

substantial number cf variables d-clared ?UBLIC and E'c::?:AL

needlessly. When a variable was used only in the !-o ue in

which it was declared, the 7UBLIC de-laraticr was deleted. A

number of subroutines were declared PT'31IC in ore rodule an!

not called, and declared external and called from onlyi one

other module. These subroutines were moved to the calling

mcdule and not declared PUBLIC or EX.ERIJAL.

The displa cemert vector asscciated with each array

dimension was being calculatel incorrectly and it was stered

in the sare symbol table entry as the subranre. The array

offset (for non-zero-orie'in array dimensions) was b-ini.
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calculate! incorrectly. Code was a.die to te-pcrariv sack

the array declaraticns and subsecuently enter the into t.e

symbol table correctly. Code was also added to calulate tre

arrai offset arnd the displacemert vector for ea'h dimension.
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I.:tv,'.\!U,, ?:(ML-_.

SiL-ed identifier constant entries in t.e sy'-l ta-l

ar- identified as such by the 7CR value 41-, but the i--

is not stored or apulied to t.e value o' t = crsTant.

Arrays were orly exam-ined for correct ierti ficatior ani

entry into the symbol table. Arrays cn the ri _ t silo cf th =

assi.nm.ent staterert are not haniled ororery.

Since no interpreter has been writt-n, t-ere is still no

way to validate the interm, ediate code nroduce". Tne c cr;- r

wjll compile so-e small test proF'rams without ra.hi-, buL

it frequently will crash or go into infinite loops.

T he code in the modu-les 3 Y t': . ,F ' . S l. .... 1.S7C and

S.NT 2.SRC cannot be trusted to be-have as descrtt -

two nrevious thesis efforts. Each nroceiure needs tc te

exa~ired on a line-by-lire basis, with a -ossibi- eve tord

rewriting substantial pcrtions. !n -'any, a ny cases.

variables are AN'Ded or CRed with unexzlai-el ne,. co-starts.

The function of these constants should be deter-ired and the

hex constants should be named and documented. In many cther

irstancps, variables are shifted left or rieht and ther

again AN~ed or ORed with hex constants. The snifting cin be

avoided by defininp and documetint the approrriate -asks.

The global Aata base should be better organized, leflned ani

docurented. Variables enter procedlires in unknown states,

and are used or modified without ranp- cnecking cr any sort

of validation. Tne ranRes on case staterent indices need to

be checked before use, and aach case should be a :O; F D;



block, even if for a nc-eperation e-ase, so t ,et stae~ents

added will not intrndunce extra and erroneous cases.

74



sP-ASA i stil a Ong wa y f rocr- -c--'le-te

i~plemr-tation. xajor nrooler-s - Tist in the rse s t a cl

structure, in semantic actic- subroutine:s and in tr= -y-tcl

table corstruction. and access. The ou-dwcrk'A :-'nr a viea'le

PA SC AL c c7)ilIe r has been started , but the -cr--iler =eshir

needs a critical review anc. analysis.

:he oreratlon of" tais cor-iler is still d-e-de-t o- the

develonr'ent of arn --?Oc internreter cr tran~slato~r to validate

the noseudo ooerators zer-prated. C'-Dlpetint the NPS-PASCAL

cor-,i ler p rcj e ct will1 require a substartial investren., of

study and time,.
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k -' C o- '0 r r : s;,=. =S

Ar ~r-ay dirensior. sta-k re -flo0w: I i fy Af ar r 3:
I ca re ti on.

AN, A "ray, nes t overfl1cwd: S im 21if y ecI r8 tic0-.

Am Assizn-ert type error: 7-,,= f Pxpressic- nc,

ccripatible with, assirn*Tent veriable tyne.

T, valid exoressior.: T--e variable tyes witrin
the ex~ressior are not cn-ratibl P.

CV nrorrect corntrcl variablm: 7-- -or troi .,ar 4ele

nas riot beer declared or is of' tYpeFJAL

LC tic ajpl ' cons tar t rane : Crsta rt ide:ntiflers
rrust be uricue.

Er -:iskr error: Feco!-;ile.

1'7 ruplicate typ e rarre: :V, e identi'Fiers 7us, be
unique.

E-. --xnonent size error-

Tnvalid expressicr type: '7^e types of' t'ne raeblmr-
usel in an expression are in(rmn'atible.

I . Invalid array index: .Xrray index7 t.*pes r-us, ',e
scaler - I\7''rF. or RSFAI tfpes are rvl.

IC Invalid con~stant variable: 'Constant entry in sym>31o
table is irvalid.

rF Intaeger size error:

!!-,~proper paraeneter: Tne atual. -,raFm ter type .cPs
rot match the forrnal pararrmt-er type.

IR Irvalid read variable: Only lq47,7, ?rAL or S-RINU3
values can be- read.

is Invalid subrange error: Cneck ty,,pe ean lirits of
declared subra nge.

IT Invalid type earror: Array romporent tyne
snecificatior invalid.

IV Variart sta'-k overflow: Reiuce tne rubrof
variant cases.

LS Lebel syntax error: All labels -ust b-! irtce-Prs.



C7

N _Tcorrect actual -aa~zt er -e 8ctua1 :zame7 r
-ust be a vertable ari "o re',rressl'-.

N? No producticn: Syrtax er-cr in -corre >.e

113 nvAlid set ele:mert: Set elperens 7.5-, '-e 'l

7 'D-ram-et er e rr cr: Tis rara me-2t er fo rmat car nrl n De
used in a write statement.

P : incorrect nur)er of oarar-ters: : trt-Al ure
of actual iarareters fails to, equal t-- tct'.
rnum-ber of ?cr~ral pararnmters.

R N Ferord field stack overflow: Reduc-= '!,e nlmer*=, of
f ields sr:Eci fied.

K ~R!TS~ r aramne ter erro r: Ta arametFer -a s toC
be of type FFAL.

S3n Sta t= stack overfl1cw: simplify ?rc -rar .

T T rvaIii t y pe id enrt ifier: 'y, i 1zn t ifi er o~
previ ously declared .

Irr Symrbol table overf low: ?.educe number ol decla rA ti-. .~

UL Undefinea labe-l error: Label not d~l~ in
label statement.

UC I nval11t unary operat or : 7a ibl e tinep rust be
INTEE, RE_7l or subrant,- of 1NTEC7rI.

UP Undeclared rrocedure: Procedure il~rtilier nrt
previously declared.

Variable aeclaratior stack overflow: Pprau-e
t -e number of variables de-la red pa=r linem.

V1ariable stack overflow: Rewire the ler.pth of
variable prirtnarmes.

V P WIE~SvT nrameter error: :he le:-th. Tarareter

'ias to be of' tyre irte-er.
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.A t77rA 1- 1nt erf.e,:i a e 0 oa E

Th~e last thesis effc.-t inzludei a 7 7c,-ra e

wnich will read tbte interreaiate co-le file ann-:re !Le-

hex pseudo oles into t:ne correspc".:ing --f7 s-s. n.

parar'eters associatei with cer.tain ojna!7s, 05

labels , trenches an! load i-rreiiat- Val%-?5 cj' 7

I tie andi real rurr)er5 are 7onvert -, t o i-- i- 7:

Strirs ire? displiyed as ASCII ,ar~tzs.

7" u se t' ,e 1 EC A T u'-oqrar', cmn-i lF K0 yrr

A)'?fiSCAL T-S:.DA

t e" sircessful ccv-niia Ucr is 0r-pletq, Pir th 7N-

p-opra7 n~ !te irnterrediate file:

.:7ortents of tne irterrrediate file will be -.nirte,4 on-~

?E



s C b1 tablIe d is ia-Iuir n: -rOr was :e e I C

i s b2sec. o: n e O?/P 2P u t ili ti, ae s t E S s~r.

a' arl s c f t e s yu. ol tab L e ir -e-c ry .

r 9o ea r e t S SY v, ~r o,:-a, Lr Ls r int frt

t ' e r r dr C?/' uti ty TL T Y? t o d~i 5:e 7jb' al

file I eT t i , dUF; the user caetarrin:2 tr= stm:rtin- ao-re s

o;f th sZ-bol t2 o le by e x2-4.i n 4 te cr ev iou s Pn t ry r -rs s

o f the ec c nd en trv. 7-his address will1 -1-a r. e w*-e n e ve-r th

c crnp 1ler i s al tered , sirnce the -7ymrbcl table Is assi-&-ed t c

the f i rs t av a iIa blIe me r-o y adcaress a f ter th'-e r i'

c! i fv t h C?/M, utilit' EUv? as frilews: after *,-eiae

rT 'I , cha:e the arzu-ernt ol ' th LX7 I -I 7 Y', ~ t " 1 -

starting addiress of the- syrbl tatle at er th l'el 19

Tele! C,! U~ NCO i rs tr u ct ion. r za re, ~e r-s s -r'Ie a

rebeli the prc--ra7. '.he SYLUDY? ~rcrFis -,; readyr -C be

used or. the SYII file noro uced ))v *'e o~ri le-:

>S Yr/ T
TrP ??r ) Y

STYDU '? produces a vertical listing ot t,,., syrbol tai,jj

ore byto ner line; eac', bvte is nrrede'd by its addr-s--I-

the symbol table.
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a j~v e S c Cf, t~ PI --- .3'A 7C'~

o1ve r ~72 lis of soi2'ce c ~e - Ue ~c~lrwas

tra-'sferred to Uthe irte1 icrocro,-essor ve n s t

S a r. t th.,e I SSl o ze ra~i. s:,-s 7,,i w

irto rana-atle rco4ules acccnin - to fPunction. c]

now nes f ?we- t:n 10L 1?~ i ne S c f c c e Sc ea::tin- is

faliee, ad c'-rrections to t0 - -( ' I11

i. D 1er e nt1ed much -,o:-e repic . two 1 a -s* -oue :

less than 15 -inutes eahto reonie nc: c 2o

c a t hern be 11 ned wi th tr a- remei i :-cr"'es . itnr-

th C r.7 Dli as5a , !a . - la ri~e wil '-i ~ v 4

e 7 s si4Lv elv on I e ai t se 5s i cn s, e~ a r c c: ie cin of o7!e r

ar ar e s evenr module s, =a 4- n s te 3-I

forrmat file. SYSFTS.SFC con.tairs tie tnterface to the -i/v

0coeratine~ S Y,,t -2r; ircluiir.- te dis 0n ncr 1

i n -tt-ru tru * ro ce 11r e 5, a rI te FT C~ ::A een Z S A I.SFC

cortairs the in.out s'7arier . P!AS7T.S::C -on tai nc --a te :aner

ard its sup~orti!rg, proceiures, ani -ost ft lcl

variables. 7A.LFS.SrC' contains the built-in symboli tab>l an~d

the 'orse tables. STY'IGL.SRC corsists of tno-'edures w-nich

PrarnI nu la t the symnbol table?, eit*hen writint, int' or re-adinf-

f ro indivilual en~tries . SYNTF1 .SFC co-te irs th e cod

s yn t hes iz, r , nr o cedi; r es we-i ch -,s e the- na rse- s t a crs - dw-,'

geer,3nte thp inter~pliate code. SYJT"2.SPC conststs 5olpiy



Cf toe rciuticn case state 2c,:-'e l o t

Cue s -3-re rov::e: e ol ,ir te a e

Y'r'du!a r izi" n toe; CO 1-r irtrod' Ce1

: ory I e- directive ?UBLIC a E ..A. :y ,,

functicn or Dorccedure which is d-2lare in crn -cl. a n

referenced in aeotn r, rust be declared ?UL!1 in t, -i-s:,

and XITENAL in the eco u. Fun tion an rcci:r =

nave a r n ts .ust nave those a r .rti s 7 entr

ieea remotions, also.

The Xc3F switch f the PL/- C oT..ler cC05-1 a

cross-refererce to bo atnendei to the source list_:. .he

cross-reference cortains each source prcgrar- -r.t f er

(1i eral, I onstart, variable, function or oce.4u-e) r ' e

occurs in !he prograr- alon- i th th- line n ufber cf its

defini-n- oc-.rrence, the line numbers of any referz- . .

it, an whether it is declared P?' -I or 7T -, .Fhis_

cross reference is a very useful tool for lccatln

iden tifiers.

The 1Y'4'_F swi t ch of the PL/v-P cpi let cause- a

temporary file with an .IXI extension to be created, which

contains information abcut eac '  ?UrIC and -- ,'-L, -

declaration in the source program. These .11I riles, one for

each source module, are later ccllected and cor~slidated by

t e I T OF'P program, which produces ar in ter-!rouIe css

reference listing. This listin contains all FTUBLIC and

T-YTT-C.NAL. Idertifiers, ani nares the 7odu1 e i. wic . tcr..e

.... .. ... was declared PUPLIC, an! lists all -cduTs .-



rake a F FXTTNAL reference to it. This lJs: s 7: '_.
useful durirf- debugsing.

3. LiI.'KIV AND LOCATING

The corniler, now separated int' rouies, - st
recobir.ed to form e body of eyecutable c":e. r.s is

accopl ished by t -= TLINK af irro'ra.

nro!7ram adds code frcm eac n of the ro ul=s e!- lD'ies

referenced l inearly, tc form "i 7- -

zroi 'ra r Io 'ates the code a; a particular address is -e-orv

and adjusts al of the relocatable eliresses into zsrlute

addresses.

Ce t e comp let e ccm-iler has been 1cC e z ='_ a::

a t eisted, it needs to be tra-sfered fro- %nm - b~ased

syste - where the PL/v-E0 coniler resiaes !o a C?," b ced

syste7 Por execution. f:is is done with ??OM3S . , an

undocumerted propram which runs unler C?/Y and reads a fIle

from an ISIS-Ii fCrrat disk onto a CP,/ q fcrm-at dis!7. The

cormroiler i then processed by the undccurent ed 7 ro rar

o)?jCPV.CnW, which strips off any syimbol table irforration,

adds a JY- instruction to the entry point to the be-inrinF-

of the o-piler, end creates the executable form of the

compiler. The symbol table inforration i5 placed in separate

files with .SYM and .LIN extens ons. These files cr b=

alet ed if erpty or not used, cr tney car be seve: for use

! ti - 1 h'ifri n~,- too! S1



c==Ayre is treated as arny cther rrcgra7 'u::er 00 Cr'

with the file nare ef tne ?ASCAL_ 7rc.-ram to b. c~t ~

NS-PA3CAZ arr~erts up to four- switc-ps wni* ais t'

prin, *c the consol.e tne PARK~. sourc'e sae, the ar'nion

r~brtne tcken urters , andi 7a'sy it to S"Tp'aS5

crenzicn of the irter~redieate file.

T-e f a cli ti es of SI:, t!,e C P, 7,b oliO is, ricticir

Lebuezer , jerrit ru--tir-e debU~ginz and -?X-Cition tre~in:: of

t~- o9-:ller. To use to , t i s -e c ssa ry tor, i c 1. n

F , /-~-,c oorpiler REVU saitch when. coplir the ul cfc

i~t-est.The 071switch caus,,es tn

incoly:o iderlifier and line-numbher lo-ations witn. th-e file.

7 h is information is l ar strisped i' 'if th- n JF .-

r,.ro~ram! int the FFCAI.sYy a r d PS L f iles . h ,

files a re ioaled Inr 51 an! used to r-ferenne ard lefi

absolute nacine addresses by Syrmbolic e~pressicns.

Fffective debugbirv of' tne c omp11e r requires a iniled

know'ledge &f the operation. of S1 ac, doc urcotged ir rtne S :E

Use rs X2r u a. I n trarsferrinp. the r-A-,ler f ror ?L/>. tc

PL/''-E., it was necessary to shorten some of the identifier

namres to less than 1F characters to 7eet the require,-erts of

3 1 L.

In order to ascertain the proper operation cf the

co~rp1ler , it is also necessarr to have a-clurate ?krowledga of

the PASCAL ianuat-e. To ensure test in ' t!.,e c o-n Il=er w it



e ror lat ic, in 1ir an d Ioad n-, te.

u"/v e!=Ution a debuF, in - ronesS is 5crr.t r;

exe a r. A D p d. E _.

m • •



S- a 7 t C - St

c ' i e1 n~ t S 1 e 1 - ~ k p r t o- n

syst~~S sRe-^: 1:.

%' NS-PA SCAL source filIe S- re cc-ril-!, lked ar-

located lriner t he ISIS-TI o-erat i ra syis te~. Frt, orr ie

e a C " - '1ie W. i , the azrro-prie te s-oit-e2s to tn-

-?I&?:71:SYS'H.SFC V-FF YJ rS :AT2~ '2 ~

enrt, or-:' to'7 reirc tn .LT Fiet e:T

witF Eh T~N T i7~

-P71~ F:SYNTH2.SFC XRFF IX'1-FF £FMT r '2INT flA RYNE 3 Z F



k rir ted " C f t ie i t er--o±i' cross raf.-ra- -e S V "r

usefu du r i .7 'Lu ~n '.-

. SUi'!T file has beel ,reat= tc f~ciitete the

L neir.- an2 LCA inr process, if a fferen C or

C n' c er, r .a.d 5tri f n .s UesireJ, -ar, o: C.: e, be

ertere by ha'i. o invo*-e the ere arel Ie:

-S ITIVT :71:PASC .A

The±file :FI,3.SCAL.CSr use! by he S'! co"-o cntan

the f eow1 -1Wrre2, l n es:

-rF;T E I :7 F . A S C AL . I ,, F .sCT
- I"I K :.7 1 T.- LFS.u3 ,:?1:S , : :I 3C L C J

I! S 'IE Cr J a N, C: L , . 0 , L I. P F .. 17 , ..P. k 5 A ,L

-lOCATE :7!:PASCAL.L,1;K CnDi(i?3) VAP

Exec'Ition of these lires will create the files

:F1:PASCAL.LNK ard :1:PASCAL.

1eavin.- tqe ISIS-II disk Con tdi-ir, the NFE-?ASCAL

co-rtler in drive 1, insert and boot a C?/ ' .isr in, 1ive j.

he CP/Y disk iust contain, ar- o a ther nr oFrars. rs ne

proira-s .F, ISIS.Clr, OJCPm.C~. nd S D.C . Transfer the

NPS-FASCAL compiler fro'r the ISIS-II cis& to the CP/ disk:



X7: -V '.ST>3CAL

E reek 1: ut the FV an .L f ile e ana ac n-?

i rs t ruct io n t o locatiors 1 01 ari _

This =o7and will c'npate thrnee files fro7 the~ :~ ~i~

FASCAI.CV, tne exe~utable ccrpiler, MSL.570 anc

FASCAL.LiN, the files cortai-in- sy7-bol tab!= infor!-ticr.

for tnz run-timre aebugger SU.FCM. Then cipbur.. witn

S:D.rCC, it is useful to nave prntel -onies o'f the WV ar

(CC" files. Me~ file PASCAL (with no exten~sion) canb

C r at e a ? 3 C AL scurc? prcera7,, for exar-lz3~A~

w an a -ail1a ble texct e 1i t cr . i r v,)T hn JS - ASC ~L

A.S L T FS 7.P A-5

Sto f 'ur switz~es maey be p~rovided to the P-S(L

conriler throut-:h tne CP/r parrrs field i,-reciatel. f ollcwine

the file specificatior:

A'>PASOAT, TES'7.?AS SPmCE



s- y eA 8 7' a-n v,

- ist tescurce nrCr'ra7-s l S.
T Lis 5 'he roduc t ior: rurr e r's
3 Su p nrgss creatior cf ~eit ria~f1z

s Lit th e t clk-n nu r-c=r s.

.A>FIT pAS,,A:. Cr -,CAT.S Y!.
U 1 .4

S Y CAL .1111

tt~T T77cP $A3,

se :-It uo pas s pci rt s. mt c. an I heue' s 5 ~ 'v n e:,

aetailed instructicns i r t ne u se o f S I.C , he r-irE

a~bugersee Ref . 15 .



The ?5-PASCAL 'or~iler is st~r=_i c- t,.o Ixs[-1: -i

ais's with' directories as follows.

Tesoudrc files, tne cnilel obiect fi!=s, a- A h

.K: files are 7r the first disk:

FI!2C, c OF I ZL -:T

, ,n ( PLKS L7NC-G A!?

"I? =; 5733

IT .PJ 2 7

S YSTS .IBJ 4@ 5 94

SYNCL.SRC 24i 27
SCA.N ' J 31 E15

S- 57,
C 44

S Y T72 .J 135

9 k 7L. C 3D - 227 :i
PA 7 S -7 .I XI 13 !7

:z SC E9 112;
SYTI. IXI 17 197

? SCAl :6 47 J92
SYT .I & 1SC7

SY")L.)lJ 67 1ZEt4
', A .BC 112 9E

SCA N .IXI 2a!

TABLES .IXI i
SY A C L .IXI 11 1 2 ,t



-. ~ s~ ~n~~t so::;: ~tv

;-er 1:. ie

:I~~c~ F F f:3I

T A4L rS LS T 1 Zt 1 F4

S :TJF Z L S T 9 11 1 14 Eg
SyvrOL ' T 5 J 4 68277
:Vc? isT 99
CCJ4VFT.LST .3c

Th S IS-II sist-~ iis& usel 'r~t cv~~~ of

IFFCT07Y ()F :Fc:IS:S
'A k 7"XT -L( L 7-GT A T T?

75 12J N .

?U

LT 14 W49

,:' Vr)'DT 4562226

1723 82 1722?1;
L T N' 1L1 45 15 'A
LMC,? A.0 152 1 187 51 '

OFN.'V1 21 21227
?L~P(4 67 ~ 71 W

PLME. .07 1&2 2176 W

? LME- .07415 75 't? ~

S YS 7 X-.L 13 24 2846 w
L I NK . (VL 2w' 3~1~



PA?-IDT=(9?) TiTL7('SYSRTS - SY~zTE" T?'?CV.S
SYS $jCT SK :rC;

/lp TP INT T kCB F ;UT I iS 4/

F C L A F L IT LITERALLY 'L IF--LLY',
EXT LIT 'EX77ERNAL',
CR LIT '13',1
LB LIT 'JAH<,
rCL LIT 'L-ECLART',
PROC LIT '?BCCFDUR7B',
TRUE LIT '',

ArrP LIT '!ALrRSS',
FALSz' LIT '2',
FILEFO LIT '1',
FOREVER LIT 'WEILI TRUE';

DCL
E0LC7R LIT '0w,', /* BrJD OF SOT'VC7 LT:;7 ?~~

-AB LiT' 'eqF',
SOC FCS1 ZF LIT '123, /X- C T 0?, S CT-1 C 7' FI '

REC07 *
INTR?.CFIZE LIT '128', /~INTF-4 ALIATF -;II,- 'z I'

CO' 1 UFFSIZE LIT S2' , /~SIZE OrF CONSOLE U'T?~
'rCF'FILLFR LIT '1~~/* CFAR ?C? LAS: ??-CU^R CN FILF

! CL
/* COMPILER TCGLES *

LISTWSURCE BYTE EXT,
NOINTFILE EYTE EXT.

/* rXT VARIABLES */

PPODUCTION PYTE EXT,
TOKEN BYTE EXT,
ACCUH(32) 3YTE FXI,
NEXTCFAR BYTE EXT,
LAST$S"BTEL$Il ALLR ZXT,

/* COU'NTERS */
EOFC LITERALLY '25',/'-:- 'V
PAR"S ADLR PU'BLIC INITIkL(F-rF),
'EPPORCOtT NT krDR PU3LIC INITIAL~i?),
COI'ESIZE AZIP PUBLIC INITIAL(O),

rEC(4 ALR NIIA~lee~eol91



*SYSTFEM prF-N2\:.R1 ?U 1 3 1 vA Z

TaF r-OLL04 I N ; ?CU7 1 N :1 E I'S FD BY T HE CY-'? 'T-
- ACCESS :DISK FILES AN -EONSOLF. ~S

4 ROUT"ITS .ASZUMF TE- US-- nF T;;7 CP/v CPFATAIC
*SYSTE'- A

4TFF FCE S ARE USEDr BY T EE S0YSTEM TO) MAi TA
l NF0PrMATION ON CPEFN FILES . THEY AFF CPNLY T'SFE 3V

PROCEDLTDES IN -7IS SECTION. 'B 'QUFEPS AND POINTFPS
TO THE BUFFERSIARE USKD BY TEE R F- IITER -ft T

* ROZAM, BUT T7FIR SIZE YF 11 pITD T C S U IL 1 ZS K
*OPERATING SYSTVM BEING USE:.

*1DCL
/* NOTE: C?/Y- PPOVIrDZS r-CH AS FCB AREA AND 50H PS A

BUFFEFR FOR
PPOGRAM USE *

RFCRADDR ADDR I.NITIAL(5CE),
PFCq BASEr PFCBADD)-R(33) ?YTE, /* S CURCE FCP i
'wFcp(73) BYTE /* INTERMEDIATE- FILE FCD Z

INITIAL (?,'
SFC'B(33) BYTE /* SYMBOL TABLE FILE FCT Z

INITIAL (0' ','Y"e~0Ce
SILCC ADDR INITIAL(BOH),
SOUPCFUFF MASED SBLOC(SoURCFRE-CS:ZF) ?YTE., /*

SC7RCE BUFFER */

INFX*/SOUPCETR BYTE INITIAL (SOURCE: FCSIZF" , /*UFE

I)ISK0UTEUYF(INTREC5IZF) BYTE,
SYMCUT3UFF(INTRYCSIZE) "Tv-,
?'JFFPTR BYTE INITIAL(255), /:?, BTTFFEP INDFX $

SYMBUFFPTR BYTE INITIAL(255), 1* SETBEL !UFFERi INDEX

LINFBUFF(CONBUFFSIZF) BYTE, /*CONSOLF OUT BUFFF? 4
LINEP? BYTmE INITIAL(C), /- BUFFER I-NDEX */
?DOS ADLR PUBLIC INITIAL(5E), /*JMP TO C/S 7NTRY:*/
BOOT ArLR INITIAL(OH), /*Rr'B.OO. ENTRY4e/
LINENO ADDR, /4 CURRENT LINE NUMyBER */
STAAPTDOS ADDR PUBLIC INITIAL(6i);/*P~'"? TO STAPT OF

Bros */

/4*C- L 0 B A L P P 0 C F r U R E S t/
/4* .. 4***4*4 *** *). ** 4**4*44* **** ****,-*4,44

MOVE: PT;OC (SOU'RCE,LSTIN,L) PULIC;
/*WOE FM SOURCE TO rESTIN FOR L BYTFS 4

DCL (S0URCEF,DFSTIN) ADD?, /* L < 25 BYTES '
(SCITAR BASED SOURCE, DCF{AR BASED DESTINL) ?YTE;
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E 1UR F 7 1CE 4

FILL: DROC (ACFARN ?PUI; /V TA cP~ i~:~
D CL A. A DDz , ( C H F ,D -_ : 3 A SD A) 3 Y F
E() 'iILF N := -1) (0 25;

-'ir FILL;

,o%1:PROC(FuKC,INFo) EXT;
ZCL FUNC EYTE,7

INFO kDDR;
END MoN1;

NC12:?R0C(FT,4CIN-C) EY:E EXT;
DCL FTPNC BYTE,

LNFO A:~
M-0iC2;

,vCl3 : PROC PTL'ILI c;
C ALL BOOT.

E 14D r-,CN 3;

/-: 1/O ROUTINES ~~

/*S ENEI THE ASCII CFARACTF : c !FE CNSn~~
DCTL S 4Y
CALL vo01(2,?);

ENr PRINTCHAR;

/* P: INT THFB BTJFFZR STRIGAT ADDREFSS A UNTIL '/

DCL A PADLR;
CALL MCN1(9,k);

END PRIN:;

AEAr:PiCCA) PUBLIC;
/* PFA.D C CNSOLE C?-AR'S INTO RUFFER k

DCL A ADEP;
CALL YON1(le,A);

FNID ?EkD;

CPLF:??OC PUllLIC;
/* S FNr CARRIAC7-R ETURN -LINET-iEE --,rrO THF C)NNS(OLF

CkLL PRINTCFAR(C );



-N, C 4U £R vB c~ YT

C 1 L I v r TO 3;y

CI FLAC= :MV ;
L I-Cj=F~ L S'UN -' 1-

E ? ?LA 1R - I>= Z,

CN PIN 17OC

PRIN~?OKF:?CC = LC
(CL !' T. C TC 'J T

CCALL PpINTCAc((CP'N)

CALL PPI'VD(.('A'')

PFN: PINTnFC FL

k LL 11PT i9 2£ C- KCY1 CN)
CALIL ?P'INT('-- ~'r)F

C AL L r- L 1;

CALL D'R INTC( 'RCC Ns

CklD PIT P iP;

D Lr F I., T 0' D ,

I! 7 C P 0? ?YIFC

CALL CRLF;

CALLT I'JNTDC(L!E NQ)ROU;

CA LL PFITFQ.) S D-T-'nD C -

CALL ??ICR(rE*?9C>

CALL PP~ .N ~ T

-~:=I T A2U~

CA!
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NAT T~~((R , AT -FRCF '
CkI.L FP?I I P. C~

CALL ??.INTSER.?
C kL L ',CN 13

FM1 FRCR;

DISK F'PT : PFCC;
CALL EOVD)
CALL 'YGN3;

OFN SQC$FILF: ?ROC FIJLIC;
CALL v0VE(.('PAS''),RFClAlDR+9,7fl
PPC'3(),PvC3 (12) = 0
IV rON2(15,?FC2h DDR) 2 55 TT-7i

CALL FRPC?( 'AF')
CALL MONs3;

EN 11;
7ND oprN~tSPC$F ILE;

REAnlSRCtFIll2:PPOC BEYTF
DC. rCNTI BYTE7;
I? (CT=C?2,CBD))> 7ETLETOF '771

CALL DISKERP;
R ETTJRN LCMT:

Pll;n RFADSSRC$'FILE;

SFTUP INTSEIL:PPOC PUPLIC;
IF NOINTFILE THEN1 /'ONLY IAKE YILE I-- TCG(CLI fF-'

CALL tOVF(.PvCB,.A FCB1.9);
CALL YCN1(19,.WiCE);
IF VCN2(22,.WAFC3)=255 THEN

CALL rISKER.;
/* SET U~P SYMEOL TABlE FILE*
CALL ' OVF(.PFC'9,.SFCB3,9);
SFCP(32-)=O;

CALL rMON1(19,.SFC3);
IF MON2(22,.SFCr)=255 T~zFN

CATIL rISKERR;
FND SFT~TT$INTS'FIL;

Wl IT INVTtFIIE:PROC PU'LTC;
IF NCINTFILE THEN

CALL wo0Nl(2e,.DISFOUTPrjFF);
IF lON2(21,.WFCP)(>0 THEN

CALL DISK7RP;
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F"IT '?RpL

DO;
CALL 'iRI~tITtFILE;

M T ? T

q~j7ZBU"F:??.CC(C3TCotE) PU3LIC;

DCL opJctoD? PYTF;
C0LES17E=corEsiz7+1:
CALL 7M IT (09Jccl;

FNr rENFPATF;

GEN AfLDR:PROC(A.,) 'cUBIIC;
DCL A 3 YTF, I ArDF;
CALL GFNFPATF(A');
CALL CENE? ATF(LGYWB)):
CAL L G TPTAT F( H 1G H( 3)

END ;EFNtAr?;

WPITtSYm FIL7: PROC tUELIC*
i". 'I'ITEILF THiEN

R FT UDN ;
CAL L Y0N1r26,.SYmPUTEUFF;
17 MCN2(21,.SFC3-)00 THEN

CALL DIsKE??;
CALIL 0N 1 (2 ,E OE) ; /...RES -T PmA A 1,L F_

FID WPIT~SSYX7ILZ;

GFNtSYMTBL:PROC(OP'CODF) PUB LIC;
rCL OEJCCLE BYTE;
IV (SY UFFPTE:=SYvM3U FFPTP#1))= INTRFECSIZF? :?B4

/9ckiTF TO DISK--/
ro;

CALL W?IT'$SY~tFILF;
S Y MPB F FPTRZ

END;
SYMCUT3RUF(SYr.3U'7FPTR )=C1 To CDF;

YND GENtSYMTBL11;

M0VEtSTTL:PROC PUILIC;
DCL SYMPTR kDDR;
DCL VALUE BASED SYMPTP) BYTE;
rC SYMPTR=.Mr'MORY To (LAST$SETIL$ 1Z 1);

CkLL G74~SYMT11(VALUE);
E ND ;
CALL CENSYMTEL(e);
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C ALL GrNSYmL( Ek ;

CAIL 0ZNSYM'TL(Z0FFILLZR);
CALL GFNSyf.TBL(fCFFILLZP);
CAT L ViRITtSYM FILF;

END 'VEsEBL

CLCSEtINTSIL: PFOC PUBLIC;
/"CLOSE INT COLE FILF ANr- SY ' TAIBLF 7TLE ;/
IF NOINTFILE TEE\%

RETLURN;
IF MON2(le,.WFCm)255 TEEFN

CALL rISKERR
IF Mo2(e,SFc)=255 TH7EN

CALL DIS.WERE;
END CLOF7E$INTt'FIL;

CLRLNtYFt'F:PROC PUTBLIC;
CALL FILL(.TINEmTTVW, ' '.^O~nUFFSI'YE;

END CERL~~F

LTS IINF: PCC(LHN-TF);
DCL (LFNGTH,I) :-YTF;
CALL CRLF
CALL ?RDJT$l!EC(LINYNC);
CALL PPINT CHAR(' ');
DO I = e TO LENGTH;

CA.LL PPINTCrEAR(LINFBrJ?(I));
END;
CALL CRLF;

rMD LISTLINF;

/'- SCANNER INTFPFACE *

GETCBAR: PROC EYTE PUBLIC;
NYT$SRC4TCIAR: PPOC 'BYT:E;

R ETURN SCURCEBUF(S0OURCTF);
FND NXT$SCCFEAP;

CRECvFILF: PPOC BYTF;
ro FOREVER;

IF (S~tRCEPTR:=SOTTRCFPTR+1))=3IoURCERFCrIl-. :Erl
DO;

SCURCEPTR=0;
IF READ$SRC$?ILF=FILEECF THEN

PETTJI.N TPUE;
ENr;

IF (NFXTCHAR:=NXT$SRC$CFAR)0LF TFFN
RFETURN FALSE;

ENDL;
END CFECKFILF;
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IF CFFECTFILE CBF tNB'TCHAP = 7CFF:LL7?) T~r':
r; /-:- FOF ;EAc-~

CALL 'CVF-(.('ECP' .F LOEAP ?: F ) S-5LCC,'

NETCFEAi= JXT$SC' 7=AR;

LINU F (LINr?TP :=LIN -?'? + 1i)=:IEXTC~ ',"CV-PU- :V::./
17 NEXTC=SR ECI CEFA THEN

LINENO =LINFNO + 1
IF LISTSCURCE THEN

CALL LISTLIN7F( :I'iFT?-1);
LINE?-'-R = 0
CALL CLEAIN')FF;

FI ;D
IF NFXTCIIA = TAB T~FN

~F'cF = c'A
P FTUTlN NXT CHAR;

VNr SYSt7?'UTINFS;
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rECLAE'r L IT LIT:ERA7L!" :I :TALLY,
S CAl: IC;

ICL LIT 'rLCLAREY,
?FOC Lim 'PROCED3UR7-',
F--T LIT 'Ex-.7:NkL,
TRFE LIT '1',
ADDI LIT 'ArLrss',
7ALSF LIT '0',
C O.r,"E4- T LIT '7BW,
U'l -COArrl%'7 LIT '7DHi

PT LI'2 IWZILF TLRUF'

TCL ITNTI7 IT 'J2', /*' "Al IrENTIFIER SIZE7 1 ~
'FOLC7A? LIT 'ODEZ, /* F-11, CF SCU?3F LI'lF CHAACTF?;:'/
'?ASFMASK LIT '127', /": MTAStTABE SIZ-1:
STPI'R~Nc-LIY LIT '271E', /*CAR USEE TO rELIMIT

STRBI NlS ,/

/v\Uf"EP TYPES ~
I NTF G ER tTY P LIT '1'
UN 5 N $F XP 0N L IT''
FFAL TYPF LIT '2',
sipi\FrsEXPON LIT '4';

'7 LOBkL VARIA~qLES "'I

ECT TISTtTOKEN ?YTE 'UMLIC INITIAI(FALST),
LisTiP'Ror !YmE PUBELIC IMITIAL(FA-LSE),
LIST$SOUPCr RYTr PUBLIC INITIAL(FALSF),
r'Lrl$LN' PYTEF PUPLIC INITIAL(FALSF),

NrPINTFIL E YTE PUBLIC INITIAL(EALSE),

/* G'LOBAL VkPIAqL'ES USED 3Y Tqr SCA.-Np

TOKtEN 'PYTE EXT, 1* TYPE OF nKrN JUST SCANNE/
FASHCODE B3YTE EXT, /* F SEH VALUE CF CUBREN- 'IOKFN

NEXTC'UAR BY-TE PUBLIC, /* CUPRENT C'EA.RACTER FROM
GETCEAR */

CON'T 1YTE EXT, /* INDICkmTE-S Vt'LL ACCL'W--STIIL tMORE

ACCL'M'ILENTSIZ) BYTE EXT. /* !TOLrS CUPPENT TOKYN

NUVBERC LIT '54',/* NUtMBER
STRINC-C LIT '55',/* STRING *
IDFNTC LIT 'EB';/* IDENTIFIER *

/* LOCAL VARIABLES */

DCL LOOM~ PTTE,/*-TRU? WHEN MECFAR HAS ALREAry RET7RNEr A
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TfYPC'7AR1 AYE /;. Ur)LDS P~R7ICUSLY qSCA'N --r- CFA? F
TMZAPFAR2 Ey:E; r-C PARMILIST(01 --YT-. INI:IAL,' ''

DF-CLAPF VOCA(17V?) ?yT7 INITIhkL

(2 51 T;-

> . * I F' I~ IN' '01'
lCop 'TO', '20P'

A 11r', 'D IV' 'FN D' "FIR 'tr)I 'N I L, 'N ) S'-T

41"IN' 'CONST',
'LA 'FL' 'UN TI L' 'IL--' C,,NC TO AC KFL. 'RrrCC r'

P-)CRAt-', -IUNCTION -, '?.ROCEDTTR7'):

DCL VLOC(10) 3YTE
INITIAL (S,1,17,33-,-3 .91, 121. 145, 15?, iz);

rCL V.NUA(10 ) BY TE I MIT I AL(C.1 lr,25 3-5,42 4E :z3, -r-r);

I)CL COt!NT(10) 3YTE F TA('1,,.. Z~.?~

/GLOPAL POCI'TURBF *

DEC-'LkR? PA.RV.S kDDR FITTFRiIAL,
TYPENUM EYTE EXTERNAL;

MCVF:?FOC (SOURCE,DESTIN,L) EXTERNI.:;
I)CL (SO!'CF-,DFSTIN) ADDR,

L BYTE;

FPTOF :PROC(FRRCOD2) rXTF.'NAL;
LCL FFYPCODE ADD?;

Flir ERROR;

OP'!N$SRCt7ILF: PROC ExTERNkL;
END OPENtSRCtFILE;

CLEAR$LNtUFF:PROCC EXTERNAL;
END CLFARSLN$'RUFF;

*** ***** **** ** 11 **iC* ** *

*SCANNER PROCEDURILS*

GETCHAR: PROC BYTE EXTERNAL;
END GTTCHAR;

,T'4O1LANK: PROC;
DO WH'ILE((GETCHARi='' OR(EXCP2=OLEl
ENr;

END SETNOBLANT;



I1TSCk.NN9Tr: ?PC C Pu3lIlC

CALL 'OVTF(PAMS,.PARM'LIST,E);
lF PA MLISTU.M='t TFFN

DC 'W?3ILF (COUTNT :=PARMLIST ( I::=1-1)'0> '

T F (C O7NTC 0,JN T -'A)= E:
DOCASE COUNT;

LISTSCTTPCE = TRUE; /'* A 4

LlsTPor TRUE; /* -F*
NOIN~TFILE =TUE; /,. C ~
LISTTOK7N =TEUE: /* 4

DEIUGLN = TPUi; /*
IN:; /4 OF CASE ~

VND;
CALL 0PFN$SPCt.FILE;
CALL CLEAVII-NtEUFF;
CkLL %!TTNOLANK'9

END !NIT SCANN-F~;

-SCA'NER~

SCANER : PROC PU'LIC;

PUTINACCtY. : PRCC;
IF NOCT CONT TTEN

kCCL'X.(ACC1Y.(Oi) :=ACCUMW; + = F-zR
'TASHC(~r? = (HAS HC~rF+N EX7TCuAR) All. FAS 'hASK;~
IF ACCFV(0) =31 TFEN CCN' T 'RUE;

7 D
ENr PUTINACCUrM;

Pt'TANrC*ET: PROC;
CALL PUTINACCUM';
CALI CIFTNOLANK;

ENE PUTANDGET;

PL'TANDCRAR: PROC,;
CALL PUTINACCUM;
NEXTCHAR =CETCFAR;

END PUTANDCEAF.;

NUMERPIC: PROC BYTE;
RETURN(NEXTCEAR - '0') <= 9;

END NU,%FPIC;

LOW.EvCASE: PROC BYTE;
RETUTRN (NEXTCHAR >= 61H) ANE (N--XTCE-AR <- 7)

END LOWFR$CASE;
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Y- CTIAL?T:??CC ' YT?;
?"N NEXT C Ah.

'.7ND r7-CTMkLT;

CONVtTO~tJPPE? :PFcOC;
lF LCWE?.CPS-' TFEN

NPXTCHE=NE7XTCFA? kND 57H
FNL CON7$TO-,zjPE?;

!FTTFP : PROC BYTE;
CALL cCNV$TOs!JPpFR;
RETmJRN ((NIXTCHAR - 'A') <= 25);

EN I L ET TER ;

kLPkUM-: PROC 3;YTF;

PTL ETIT?N NUtr.?IC OR LE7TTER

SPOOLNUMPIC: ?POC;
DO) We-ILE NUMR~FIC;

CALL PUTANrCHAR;
FN E;

END SPOOLNUMRIC;

S77SMEXTtCALL: 'ROCC
17 ('7XTCHAP = ' ') OR (NT-XTC ER-C~lCEA7' TZU:N

CALL GETNOBLANK;
CONT = FALSE:

74JD SFT$NXFT5CAlL;

LOOKUP?: PROC BYTF;

I)CL YAXRWLNG LIT '9';
DCL PTP ADD?, (FI7LD BXSYD PT?) (,BYTE;
rCL I EYTT;

COY,4AR'E: PFCC qYTE;
DCL I PYTE;
I = 0
DO WHEILE (?IEL-D(I = ACCtJM(I 1 1)) A~r r

RTUR4 I > ACCUM(e);
FNr COVPAPE;

IF ACCUr2 > MAXRWLNG TEEN
?YTUFN FALSE;

PTR=VLOC(ACCUrM(3) )-.VOCk;
10 I=VNUtl(ACCUY(0)) TO

IF COMPAFE TREN
toc;

TOP ENT =I~

10~2



?.FTU? J TRUF;

rT?,=rTB#ACCUM( ~;
END;
PETURN FALSE;

END LOCKUP;

CEECw$EXp: ppoC;
/* T IIS TAKES C AE -- EXP N. Fo-fr .
I F N EX TCEFAR P TH EN

IYPENU UNSIGNtEYPcN;
CALL PUTANrCFAR;
IF NFXTCFAF -'OF 4--XTCFAF - E

DO;
CALL PUTANLCFAP;
TYPENUM = S INE-D-eFX'00d;

E ND;
CALL SPOrLNUMRIC;

FN D;
END CFIECK FXP;

-1~~~~~~~~~~ ~ ~ ~ ~ ~ *-. * "- *'-****, *ItX*: ** .,-* -.

SCANNTR - M AIN CODE

Dc FCREVE-R;
.k"Ccv'(2), HASECODE, TOKEN =;

I F (NFITCHAR = sTRINGDELIY) OYR CONT 177-
Do; /* FOUND) STRING ~

TCKrN =STRINGC;

CONT =FA TSF;

rO FCREVER;
DO WHILE JrFTCHAR 0 STRINGD7LIm ;

CALL PUTINACCU .
IF CONT TFTN RETURN;

E D;
CALL GETNOFLANK;
IF NEXTCEAR 0 STRINGrELIM TH7N

P FT URN;
CALL PUTtI~tACCUV;

ENr: /* CF DO FOREVE *
FND; OF C RECCGNIZIN& A STFING *
ELSEF IF NU 'EIC TtTFN
to; /* HAVE DIC-IT4

TC~rN = NUMr'FRC;
TYPFNUMh = I NTEGER $TYPE;
Do WHILF NEX C 7AR = 'e; /*ELI" LEAL;INC Z:-:'CS-/

N EXT CHAR =C TCHAB;
E N L;
CALL SPOOLNUVRIC;
IF DFCIM-ALPT TETN

DO;
TEMPCHAR1 =NEXTCHAR;

.XTCEAP = GEFTCHAR;

1 Z3



DO;
aINPCFAR2 =NEXTCFAB;

CALL PUTsTN~kC'TT ';
NEXTCH-PR=TZMPC '-7A 2;
:YPEvNT?- = REAL,$:1YPF:
CALL SCOL'JUMPIC;

C'kLL C:FCK$7YP;
IF A'WCTUM(O) = THEN

CkLL S-T5%-7XTS~vATL;
P FT Up IN

EN; r-~ 0 7- CC CN 1Z I NG M XE -I TC C C N3TA N
7LS7 T' L7TTTZ T''N
~e~; /~.AVE A LE--TT'F?

'In WFILT ALPFANUN';
CkLL PUTANDC'=?A;

IF MnmT LCCKUM THEN
TOK-'Il ILEINTC;

CALL SFTtNEXT CALL;

'ND O F ?ECCO,3,N II& ?Wi OR Tr7' T
FLSF DO; /* SPECIAL CFARACTE? R

IF MEXTCHAR =CC~vENT T-FEN
Do,

N7FyTC"iAR = GPETCHAR;
D 0O HILE N-EXTCEAR 0' UNCcMME-,N:;

NIFXTCHAR = WGFTCHAR;
END;
CALL CETS~;OtELANK;

F LS F

IF 4NXTC~k? =' THEN

tCALL PUTANLCEA.?:
IF NE-XTCE-A? = '=' T=EN

CALL PUTAN:rZT;
EN r;

FLS'-
17 NEXTCtTA? - TF7N

17' LCOKFD TIMN
DO;

LoCCFl=FALSE;

1 rV4



L 5

CALL PUTArCE7:

I T;

-iY?B.NU"' F= FA: c- 17

oA LL SrLNUtN;IC

CALL S N 7.(N7 tC IL L

ELSV
CALL PU:AND"77'";

17 NO7 Lt)Q!rUP TL'FN
CALL F-PCR( 'NC

CL.!

?ND r- OF UFC;zI' NCA C~

P*-/ ~ DO FOR fVF7 ;:
C ACi N F?.

-ID S-CAN;

135



70 7 LI 1 7(

DT~?B L? LITAL 0'IB~L
LCLFr? I LI:71T 'CtP ' J L?'uuc, 7x I

??-7I LIT 'CEPRF'
TN? YSZ LI LI:FTS' '2',

.ALLPIT-. LI 1 7 ss'
I IF S I ZEIT ' 3 2
VA CS177 LIT. SWIL 17 ?UTR',S-.I
PSTACBSIZE LIT 'ArLR'SS IZFCF ' 3r 1T
INFXTSIZ; LIT '1DYE I; Z F-lA TTAL-r

IPNSIZL I '3' ~ 4 AX INFFB YI T--
,'-A XS4 FS LIT 'I' /,:'O. LZ F~ V L C Co YPU
PSACCRRSI LIT 5E' ; /* YA AIZ DTF YAS T Y '/1 Tn

AUSZ TI r7~' /; IZ fB ASIPBF :

MAXKING LIE '3, 717 DALVFL C7 S7 STACKSTY 7S~

. -~ I . --

SICN7YPEBYTT PUB IV1ITIALJ (0),
ri s T p F 3Y-7 POUB INJITIAL ! /~?? Cr CCIS?-.NT

FO(l "m PYTE ? U? IITIAL (3)9,
EXPO I ZC -U IIIAL ()

VE-CPT? BYTE PU? INITIAL ()
TYDF'1''j B'YTF PUB IIT I AL (e)
CONS'rPTF PYT'F 'DUB INJITITAL ()
TYPF ADDR ArER PUP INITIAL i)
TYPESLflCT ATllR PUBm INITIAL (0),
VABSPT? BYTF PUB INITIAL()
VA~tPA'tPT? MYTE PU'B INITIAL(,
ALOCCBAICTYP BYTF P7B IlITIAL (0)i,

ABYQY(AX$~RVSDM) DL~z PUB INITIAL (7).
VA?'D$AS?(l.)) ADTR PUQ INITIAl (0),
7AR$BASF1(10) AtLR PUF INITIAL (e),
ALLC$CTT AflDF PUP IAITIkL (0),
TvPF ORDtNUr' 'YTE PUl" INITIAL (?) ,
DPFNTtTYPE ADFR PUB INITIAL (7'
CONSTSINDX ' YTF PUB INIAL ('7).
IOOKUP Arl)? ADDP PU? INITIAL (0',
CONST$VEC(4 'BYTF PUB INITIA, (7),
CONSTSVALUE(16) RYTT PUB INITIAIL. (7),
CONSTtNtFASF(,l) BYTE PUJM INITTIPL '0),
CONSTt'NtPTB BTTE PUB INITIAL Wc?,
CC4ST$PN$SIZF(4) Br' PUP INITTPL (0),
INTFrrE$L-IFl ADDR PUn INIAIAT (W.
qTBrR$VAL(2) APtDR PUP INIT'IAL Wc,

17



3R?~ Y7-- DUB INI.& ~
SIC-p p BTT PUB INITIL l-$K,

A~?Y-yAS? A1T PU INI-TA ((,I
Si'? 'VA'L 3Y-.7- P113 INITIA. , 25i /k

A??Y$D1IMSPTt '9YTE PT,7 IIITIAL (
PTRPTR ?YTF PUT INITIAL ,
AtFD (mAXsNT) lyTE PUn 14NIT 2

VkFSCkSSTP(M'AX$NFS:) ADDR?j~ PU' IITTAT (

VASCA.StVAT (PIAyNEST' AtD P7": TNi-IAL
?-Ct7AR~t:YF(AXSNES:) BTT PUF INTIT.AL (O

FPIIN5T PYTT PUB INITIAL (25E, /' 1 ~
C~D~PP. BT7 PUB I'TA 2~,/ 1~

?_- rA Lr 1 o DR PUB INItmIAL (02~
PrC5PARtADz(vkXt~lS- ) A')DP PTT' IN1tI L ()
VA?IPNT PA?T(MAX$NTST) BYT7 PUB NTAL')
FrItrNq$BSMAXNcT' AU? P'U? I''ITIAl ''
v 9 SorS TSBSr(kMAX$ NEST) k4DD? P?7' .NT -1k T (0),
CTPYFST(MAAX NEST ) AnD, D'Y' I NI TAL (I
NUvY~rI(mApx.ARRYtrIm) B-:YTE DU-- INIITAL

D FV TM FI(?2 A DDP PUB' IN IT IA.L (2
APYtnmAr? PTR nYTFv PUBT IN ITIAL (5 5 ~ ./-1

CA:SrS-v~(j2) RyTr PTTB IIIL()/ TSY
CU ?NT CAS- Xc/

CIASBSCnUNT BYTE PUB TNi ITTI /* '~- - LT Tn

CONS:tNTrTVYPE(,) BYTE' DU I!I ITIAL (W; CL
2CrN7M'(B~rSI7E)'; YT-E PUi INITIALT ( C,

SCCE12)ArD PUB I'JITIA.L (n,),
SC')P:-7NUV BYTE PUB INITIAL ( ),
TF'.PBT? BYTE- PUB,: INITIAL (0),
TTMP YT71 5YT-7 PUB INITIjkL (0),
TE 'PADDR ArP PUB INITIAL (?),
,?EM-PAprD? ALLR 'DUB INITIAL (O)o
PPOD1'CTIGN BYTE PUB INITIA' (0).
PvlSBTtFNmTPY ADD? PUB INITIAL (01; !DCL

/* C0WPILTR TCGGLES *
LISTSTOTN BYTE EXT.9
COMPILING ?YTE INITIAL (0),
/* COUNTEPS */
LAB9LCOU.NT kDD? PUB INITIAL (0), /* COUNTS NU 'BE? OF LkF.PlS

ALLOC ArDP ADDR Fda INITIAL (0), 1*CUT PDT F'T11 S .
/* EL&GF Uspr ruRiNG corE GEN71RATION * /
CASF STMT PYTE PUB IIAL (0), 1* IN CAST SmkTFM17' -/
NrRITF$sTmT' BYTF PUB INITIAL (0)l /* IN WP.ITF ST.ATEMEN-..T :

HD TTBYTE PUB IN ITIAL (0), /* IN READ STATEVENT ~
NFV STMT BTE PU? INITIAL (0), /* GETS NEFT PFECOP: '
rISPOSF$STm'r BYTE DUB INITIAL (0), /* .ISCSES rF PECCRr
ALLOCATY BTT PU3 INITIAL (0),/* PRT LOC-ATION ASSI"NFP /
VA'PAPM PYTE PUP INITIAL (0,~FORMvAl, PARAX IS VAIAnLT

A&7



'D /
k&rpftMs .3yT.E PuB i1iTi, (",'-?ALN ATALLTz

??E-SFNT 3nYTF PUP INITIAL (o ',/ I-FN-IFIED IS Ik' SYN-FOL

\ 04LIO B-YTE7 INITIAL (V.,/ CONT?CLS CkLLS TC SZANRJ%? x
S ICN KL EYTE PUE INI17IAL (0), /' SET 'i;' SIC-: P?~F Ir

/*' r!ILOBL VAIABiL7S USED- Bv TIE- cANA-J?
-OK7FN ?YTE PU? INJITIAL (0). ' TYPE OF TOVEN JITSTSC\E

7 SFCODF 'PYTE PUB TNItmIAu 0,/ A~VALEC UBI
TKFN *
C0%!? ;vYT.E PUB INITIAL (ac), /* IND-ICATES FU*LL Ar!CTv--SI:lL

A CCIM (IDE NTSIZE) BYTE PUB INITIAL (0), /-: H'OL-S CU7PE\?
TCKFN /

/xc GLrIBAL VABIABLES TUsED IN SYt'.nCL TApLE OprDATICjS ;z/

BASE AlrR PUB INITIAL. (0),1 ?AS7 LnoCTTION OF E c:BY v

APRA f */
3Z'07 LTOP All? PuB INITIAL (0), /*' BHc-EST LOCATION OF

SyM,,OL T!A9LE F
S'qT"BL ArLl? PUM INITIAL (0". /:; CUBEA4T TC? OF SY 'CL -.- 2LE

4' /

A?T--'ArDr AfER PUB INITIAL (Q'), /* UTIlIT! VlaARIA1r -C
ACCESS SBmL T
P INTN YE .L PUB INITIAL (0), /'' SE7T PIOR in Ion--U?: 0

SyVHASr- BPYTE PUP I NITIAL ( 3' / Z 17S VLE ~A

IEEN'IFIER '/
TASS S IMT ' I r A DDR ?U I NI TI AL (0, / '- :D P FV I OU S

LO)CATION ~
PAl.%MUjLTOC ACD-R PUP INITIAL (0), /*STOR7S PIItEF an

P RAY LISTING *1
SnTBLSC0?E-- ADD? PU7 INITIAL (0), /* PA.qE CF LAST ENTRY INl

PREVIoT7S ELOCx'*/ BUIITINTBLr10) EYTE IEXT;

?ILL: PPOC (k.,CFkR,N) YXT;
DCL A ADD?,

(CF)?,N) BYTE:
7ND MIL;

INITtSYVTrL: P-ROC; DCL SY '3ASF krrP;

CALL ?ILL( .FAS7TA3LF,0,?55);
SYtBASE=.BTTILT$INtTQL(0);

FASFTABLF( 14)=SYrM3ASE;
FASTTALE (36 )=SYr-BASE'14;

7AST7TABqLf(Vq)=SYt'BASE+36;
HAS'JTABLE(6e- )=SYtBAsE.5?;
EA.SFTALE(1l )=STMB3ASZ'54-C1;



17 A SzTAE( 1 1E)=SYVP'ASF*1 ?o?

EaksTkPBE ( 11) =S Y'ASE 94;
FASHTABLE(?9) =SV,3PASF-4'173;

* EASHTABLE(74-)=SYMFASE+199;
~ASETALE(j7=S YBAS +2~1

FA SP.TAlLE (90 ) =SYV2ASE 230'
WAS mA KE( 12) =SYMB ASEs244;
k4sET&LE (0 ) =SYV.BAkS +256;

WAS FTAPLE1011 ) =SYMPASE -.276;
FAS FTAIE (94 )=S EAS E+290

BASTA3LE(46 )=SYY3.SE -'3?4;
HA SFTA LE (43 )=SYNB s":+31 9;
TA~cTABLE( 121 >=SYt'EASE+1334-;
7) STTA BLE (96 ) =SYMB kSF +347;
HASuTAEIF( 3') =3YfdBASE-3C-0;
EAS7TA.BLE(34) =SYtMlASE+375;
FALS=TABLE( 29 )=SYrBkS 21092;
71AS LTABLE ( 136 ) =SYVrBASEL406;
FASETAFLE (23 )=sTMBASE.41E;
7kS FTABLE( e4) =S YMt.i'.BS+434;
FAS7TABHE28)=rAS+;
FASETABLF(24)=SYMBTASE+465;
FASFTAkBLE(51 )=SYM3AsT+4;;
F AS--T ARL E ( 11 )S Y r? AS F +0. 9
EASFTABLE(4 =SyM,'EkS]E+r52;

-.kstTA DLE,(21 )=SYMBASF'-53.c;
7PSETABLZ(99) =SYMBAS:--5 ?;
lTASE-TAkBLE(e?)=SYVBASj+r-67;
PFVA:S'.T$ENTPY = Yk75;

E N 1,
EFND !..ITSSYM'T'L;

rCL STATE STATESIZE INITIAL (0),
VkA.PPSTACKSIZ') BYTE PU9 INITIAL (2),
F.AST:(?STACKSIZE) BYT? PUP INITIAL ()
STATr'STACK(PETACKSIZE) STATESIZF INITI)L r0',
PAP%4 JT1M(PSTACTSIZW) BYT7 PUB INI-Ikl. (0), /

T AINTAINS NUMBEP OF PARAMETWRS
ASSOCIATE: I1ITF A

SUIROUTINE F
T ABELSTACK(PSTACKSIZ2) ADr? ?UB IIT T 1 ( e) /*

TRACK(S STAT'F'vT LABELS *
PAPYNTMLOC(PSTACTSIZ7) ADD? PU3 IfNITIA! (P).

MAIN1TAINS TFE LOCATIION IN SYMBOL
TPL WHL-R7- PARAvEl~l

INFO STORED */
?ASFtLOC(PSTACKSIZF) ADP-i PU'B INIT7IAL (0)~, /* STCRYS

TME SYmB'-L TAKLE ALPESS
CF TEEPF:IF E rN-RY



:Y??VC T 7 -(Ps:ACKS:zBt" PUP zu::: '

_kA WtIkRIA'. TYPE

CONTAIS '"FrTPE CF T77

AN iEN'IFIER S FRT

VA?C (VARCS1IZ-) BY:-- PUPTh I'ITTAL 1,c

pkppl~4UM TE- PUB INITIPLI "0''
(svvp.P?' TTEPUB TIiPil (111)

/4': V1- ~c3c 7TC PASk-CAL-SM -cil
"Cl MIA7'N. LIT '165' /-A;X ?--A: C:)TJNT/, MA-XLN'O LI- ~ 2

/,.KA'Y LOCK C07UT*/, vAX?!!O !IT '2r-C /*""AX ?U-S CctC u

STA.?TS ITIT '1' / -STAFT STATT*/;
ECLADY 9.FAI)1(1) 7-YTE rfT, RE-A2(1) ArPP. EXT. ,NE11

ALL?, Er'T, irX2(1) IYTE EXT , APLY1(1) FY': FY. A??IY?('"
k:,EP -'XT, LCCK1(1) ';YTF rXT, L00C?(1) A-71? FEXT;

sF:?~NT L:PROC FX:-; rNT S 11U PtI NM$Il T

INI S Pr?:PDCC VXT; FND :NITSsCANNE?;

I~T#YN~:PDOC EXT; ENE IM'I'TSYNT:;

TB?."B: DPCC(TRRCCD7) '?XT; Dr'CL&R7 7RRCCD7 kDDR; IN'D Ti~:

SCA.NN7D: P?flC FXT; FND SCANN7-hJ

?RIMT$TCK(EM PPrOC HYT; FNI, ??INTSTOKEN;

SYNT'JFSIZF: PROC E .T; END SYNTRT'SI17r

?INT:?ROC(A) 7XT;
TCL Ak ArrR;

FAD PPINT;

C?LF:PPOC EXT;
END C'01F;

TITLF:PPOC;
CALL CRlY;
CALL PRINT(.(',N?S-PASCAL VERS 0.0 7-VAR-Ee S"');
CA.LL CPLV';

VEND TITLE;

NOCCUFLICT: PR(OC (CSTAT') EYTE
DcL, rs"'4T! S'IAT!SIZE, (I.J.1) IiiDr'XSIzF;



T= J !jL.X2(C--:ATE) - 1;
r0 I J TOC K

1~ K~~1I F I)N 7 N 'F"'UR N -R U

FrTIT'D ?hLSF;
F'-D NOCO NFL IC:;

.kECrVFR: ?RCC STATESIZE;
LCL TSP '3YTF, 4mSTATF STAT 'S ZE;
ro YnFoFF;

TSP =SP

rO WEILF' TSE 0> 255;
IF NOCkONFLICT(RSTA TF:=STA'T S TACK(TSP)) THF '

rn; /* S"TT WILL '?EAPT TOK71Z 1
I? SP 0, T-SP T77-N SP = -SP 1;
PFTUPN ?-STATF;

TSP =TSP - 1;
END ;
CALL SCANNER;

END PFcr)VF?;

DO*- /*BPLCCK Foo IIECLP RA2I CNS*/
.C (IJ,) INL'TXSIZ?, IIDEX3YF

INITIALIZE: Ppor;
rPLL INITtSCANNEP;
CkLL INITtSY T3L;

CA4LL INIT SYNTV;
CALL TITLE;

VND INITflLIZE;
GETINl: PROC INrFXSIZF;

RF-U?N ItNLEXl(STATE);
7.D GYFTIN1;

C-FTIAN2: PROC INDFXsIZE;
RETURN INLEX2(STATZ);

END GFTI4?;
INCSP: PaRC;

IF (SP 5v +B 1) = LENCT7(STAT7STACT) TFEN
CALL VEFROP ( 'SO)

END INCSP;
LCoKAFFAr-: PROC

Tr 1NO1OOK TrFN

CALL SCANNER;
4~OLOOK = FALSF;
IF LISTTOVFN THEN

CALL, P4INTtTOKEN;
END;

v'Nr LOOKA7FAD;

F7-1$TARC$I: PROC(I); /* SET VARC. MP!D INCR'NT VARIirDEX

ill



IF ("QNLEX : =VARI NrEX-1~ '"N : (V A ?C~ 19?A

CALL FRFCp('!TC');

SEET STVACI

~//~PA'CSEF: EXECUTION IEGINS 7777/ '~~

CALL S7TUPtINTtPIL; /* CPFA:FS O)UTPUT F:LE nF GFN77AF'
C(OLE */ CALL IN ITIAL17 F; CONvPILINGNLC~U
S7T'TrST ARTS: S?=215;a VAPr, jD-FX~vp~ V;: '
COM~PILING-;

IF S'nTT(=vAXNC TwFN /* DFEr ST.ATE F

CALL INCsP;
FTA T ES TA CK( ( SP) =S5 PATE;
I =GFT I N 1 ;
CALL LOO0(AUFAD;
J= I CGE T I ki 2- 1;
DO 1=1 TO J;

IF 'RFAr'1{I)=T0FFN TH{FN /4' SA' TOYE-'r-,
ro; /* Copy J.C TO RE O::C

VkF(SP)=VAPINDFX;
L~INEVX = 0 TLo ACcUM(2);

CALLT SETtVARCtI(ACCUMA(IN'rEX)

74SUSP)= zAs~com~
S' m T=R2AL2tI)-
NCLCOK=TEuE;

BpI r;
7LS'7

IF I=JT THEN
rr ;
CALL ?C(JP)
1I' (STATE := E;COVFR) TE

COMPILING =FALSE;
FND;

END;

qLSr IF STATE'*;AXPNO THEEN /4z APFLY PRO:UCTION STATE ,

DO;

mppi=f~p'1;
PPOLUCTION = STA TF-VAXNn-;
CALL SYNPF'PSIZE;

I=GETIN1;
VAR INLEX=VAR(SP);



:o W71:7 (, :=A? FLY 4  1

CC*'?lLIC = .:E

IF STATB<= frA:(O TEN' P' LO(KAFE1. S:A:F-
D c*

cA:L lCCKAEE-Al:
rC WEILF 0c=C~() <' 2 AND 7CK7F' <' K

STkT7=L0CK2(I ';

DO; /* ?tSH S7ATF ~
CAL: !NCSP;
S:ATFSTACK(SF)= c-ETIN2;
STTY"FI l;

F .;
D;/* CrF ', ILE CVIIG~

71~D; X~ CF MLC ?CF FA?2TSK

ER ?Apsl?;



* ~ ~ ~ 'TIT rG~:T(~ :ILVpLr - L A LP?: P A:S'TL

* DF7CTAIB LIT LITETLv 'LITERALLY -,

k.DDF LTD- 'AELD~SS,
:C-rL LIT 'DFCIA7 ',
'PU? LIT- 'PUBLIC';

D~cL r,:NMY (3 ) mYTE !.AT A Z , 3 Z); ITM FILE= T-)'~C
-zUILTSINjtTA7LE TO 1l? '-/

DCL 'RTL -tN -l ( IBT- ?T-3 /*'AT DATA~~
,321 017 OF, 4,H 7,6 4I, "R 7 '.A. L

'C' ,' ' 'A ' P
e , 0. V 1 , 1 Fz5A7, 0 7 , 'E','C',O''L' F I,~ '

0 V- 1F,413, 1EP:113, '( T,
0 , e 01F4?'T, 0D7 863 'A , 'S ' ! I,1Z

e , 0, ?lF, 6C.FH, 0-D, 1 e 'z, 'l T ,''M 2 , 9-1

?,0;1,k-'T7,DHe,2 'L , ' 6 ' , , 1 ?1,, ,

9J , 1 I, 3--Ct!, 0 ,5 , 4 , ' ', ' 'R,'' 'T ?, 19,13F .

?,0,2HF,?CH,0D,,4,4P, 'A'

e~e,1F~eE~lT0DR,2,5'' 'R', 'U',' 'N,?'FFM1,1,

~,~,?2E,;CE,0C1~,2~,R 4, I1 1'',P , 17,',E,2,F ,

ODD , B,9E 1 ~,5 'FF ,, e2L -98, ,S ' ., 'S F' F ', 7T

,e i2E,6eF4 CE, 1132,7 OR' 'E' O'' 'R P, 'F' , 2T .F'*e.1O

06114



0,0,07=,2£=,1.,99,- ,  ; E ,'• .'•9.. ;- ,

' O , F')

rCL RFA1 (::) vYTE ' BA2P(, 53, 5(6 F" 25 25, 25 1
15, 34, 5, 57, 5, 526 E, 9, 14, . 5F 5F. 5E 5 56
15, 5c, 4, 10, 54, 5 ,5 9  4 2 1 7 4, 4(, ,!'

54, 55, 5E, 58, 3, , 5, 3, 3 , 355, 54, 22, 5 3, 4,

54, 5 , , SE, 3, 5, 51 -4.2, 54, 75 , 2, -1. 5. 5,
22'z, '4, , ?.- 29, C-, 3C 1 3 " 5,5,S. ,5,

e3 7 2 5,5,~ 58, 5 q, -2., 29. 3 IF 3,. j '7 7,
51, H6, 40, 44. 341, 5F, 57, 54, 5S, 7. 11, . 2c "* 2 5F,
1, 1, 1, 14, 4 3, 3 -- 3, 17, 1 1..- 15, 9 -*

c

1, 3, 5, 6 9, 6, Z6, 39, 22 , 19-, , 17, 14. 14. 2, P .9.
3., 9, 2. 9. 46. 22. 22, 3, 12, r1, 14:, 15, 9. . . 12. 1.
9 . 1?, 24, 4;. 9, 9, E. 12, 12, P. 12, 14. 2, 14, 12.3,
9, , 12, 3, 12, 18, 45, 5, 12, 14, 12, 16, 1. 19, 2, -,
1(?, 13, 15, 21, 23, 4, 10, 23, 9. 12, 14. 9, 2E. S, 9, 6. 9,

DCL LCOGr (':e) 3!TE ?U7 DATA7(, 13, 15, . 35, 5E. . I . 2.
9, 2, 5z, e, s , 35, 5 , 0, 9, 2c. 46 9 2 C 0.

9. 2, , IS, 0, 8, 9. 29, 0, 8, . 2. 2. ,. 2. ,. 3, . 4,.
3 e, 0, 9. 26, 0, 17, 3, 1, 5, 0 '. 1C-, 30. 14,l , 0 2, 0, 410,
C, 44~, 0, 7-4, 0, 43, 0, 7, 11, 2F , 27 . I- P, C0, 7, 11. 2 C-,
27, 70, 0. 7, 11, 26, ?7, 30, 0. 35, 53. ?. 9. 4E, .. 3, 0.
1, 3, 5, F, 3, 12, 19. 3 . 12, 19, 3. 9. 26 . 3F. 46, 1. 3,0 . 9. 29, 46, 0. 1'7, 0, 14:, 0, 14, 0'. Q, L?, 9. 2P, 2 , 4."

,, 2E, 3, 12, Z, 9, 3, 9, 3. 12, 0, 3, . 45, 2, 45, 0,
-5 p 0. { 45. 0. 45, i 2, 4, le , 13, 15. 21, 21-, C,

4, 19, 23, 0);

DCL APPLY1 () nYTE PU? .ATA(, 0. 0, 0, 0, 32, 0, 17C, 171,
171, 17 . p, 0. 0, 31, 74, 79, 0, , . 23r, 0. e, , 29,
39, 51, 54, 61, 63, 150, 0, 95, 3, 15. 2e. 29, 37, 39, 47,
4P, 51, 52 , 54, 59. 6e, 61. 62, f3, 1 7. 7. V, 0. 24, e, e,
&7, 48, 60, C2, , 1F. 37, 59, 7, 1P, 44 4-r 46. 69. 127,
0, ?,, 0, El, Z, 0, 3, 37, 0, 4, 39. 0, 14, 0. 3. 2E. , ? . 5,
36, 60, e, 26, 0 , 6., ; , e, 29, V. 2, 32, Z, 0, C, 0, V, o,
0, 2F, 0, 0, 0, 0, 146. 0, 175, O, 1, e, 17. B, V, 22 , 0, 0,
6"7, E4, 0. 3, 1, 3, 0, 46, 3, , 2"r, 123, 122, 141, 2, '1,7 ?, 8 7 , pp . P9 , 12 0, 12 1 , , 71 , 0 , 7 2 , 87 , PE , r-9 , 12 1 , 0.
i11. o,, l. e, 0, 27, 3R, 71, 72, 77, 87. PP. 39, 100 , 109,
12Z, 121, 122, 141, Z, 1, 3, 11. 16, 17, 40, 41, 49, 50, 55,
5F, 57, 5r, 70, 70 , 0 C, I6, 107 0, o, 96, 160, ,. e, 6,
, Z, 65, 1C3, 3, 13, 3, 3, 3, 0, 10, . 1, 135. 2, 1.69 . .
0, e, 42, 0, V, C, e. 29, 0. 28, 15. e. o. -. e, 11?, 1-T,
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Z. ~ ~ L ~ 1•?2.£•2 • 177 , .V . . ,

Z T tF kr2(X:) ADDR PU? TNITIAl (, 82 F3, SO .7. "-7 72 "1 .
4 16, 417 . C7, 04, PC , 70, 2", 311 , 76" , 4,, 2773. 3"PJ"6

-6, 31?, 335, 419, 310, 2, 297, -290, ?4 -- 21 ,. ? P
18, 2 7, F, "3, 76. 1. 325, ?92, 294, 222, =, I1. 96.
IO, 9C7, 441, 65, 440. 442. 410, 10, 2P9, 29-, P?9. 294,
2'2, 479. 11, 198, 441, 65, 119. 442, 410, 59. 37R, -5F,
224, 62. 303, 15, 5E, 641. 70 7. 472, 231, 475, 4C 2E.,
23, 2F9, 283, CC, 7, 7=, 325, 2762, -Q?, 669, "5, 5, 6-
70, 74, 472, 231, 475, 4E3, 203, 75, 7E. CP, P3, E5. 291.
295, 424, 42F, 42C, 426. 42, 410, 2, 7. 4, 3-4, 201 69.
375, 7, 366, 54, 2, 44, 52, 5, 17, 4q7, F6, , 17. 17, 427,
189, 190. 200. 392, 463. 473, 4-, 55, 49, 5 , 324, 741,
1P2, 9, 193, 453, 19-, LOC'0, 197, 19F, 18, 41, Ao0, 4" 1
180, 781, 21, 32, 44, ?,9, 31, 44, 49-, 759, 36C, 7-0, 5,
4, 195, 39, 4V, 30, 45, 33, 12, 190, 457, 42. 43F, .2, 57,
7P, !5 , 74, 47, 3, 3 3, 477, 1-, 432 ,37, 1I6, 415.
421, 44-, 472, 33 434, 191, 36, 48, 124, 46 . 19, 22, 2?
2?, ?, 2, 0, 0);

CL OOK2(* A P. PUT TU
(2, 6, 6, 419, 14, 14, !43, P44, 1E, 23, 2;5,

24, 299, 25, 351, 2f. 2e , 245, 24=, 246, 246, 27, 247, 747.
20, 24a, 24F, 24F, 29, 41, 420, 249, 24c, 249, E1 . 250,
2"., ?5?, E7, 251, 251, 251, 251, 71, 2F2, 7?, 253, 253, 77,
295 , 31?, 412, 112, 41', 41, 45E, 335, 312, E7, 88, e9.
91, ?54, 92, 255, 93, 256, 257 94, 97, 97, 07, 97 7,
429, 98, 98, 98, 98, 9q, 430, 99, 99, 99, 99 , 99, 41. 113,
122, ?58 , 259, 259, 19, 393, 3E5. 116, 116, 116, 119, 435.
471, 471, 117, 472, 472, 11F, 260 , 260, 260, 260, 12C. 2C1,
121, 262, 26?, 262, 122, 130, 450, 121, 459, 132, 46q, 1-5
326, 263, 263, iq:_, 352, 146, 264, 264, 150. 157, 447, 15e,
33, 159, 3-6, 163, 1374 , 1F4, 456, 165, 265, 170. 276. 171,
171, 267, 174, 268, 175, 175, 269, 177, 177, 177 , 177, 177,
177, 177, 413, 178, 1 8, 17E, 414);

tJVCT DCL XPPLY2(*') ADDP PUB INITI.L
(3, 2, 236, 149, 136, 2"5, 274, 122. 3e3, 103, 361, 121,

209, 152, 2P2, 452, 281, 104. 209, 119, 287, 296, 145, 34:5,
345, 345, 2A8, 309, 345, 345, 345, 111, 293, 292, 9F, 95,
95, 95, 95, 95, 95, 95, 95, 95, 95. 95, 95, 95, 95, 95, 96,
210, 166, 301, 3o0, 114, 354, 3Z1, 348, 327, 30'2, 322, 322,
347, 304, 349, 383, 377, 387, 139, 140, 307, 1F6, 305, 314,
313, 315, 173, 321, 320. 319, 31E, 215, 134, 133, 227, 370,
329, 18, 49, 334, 144 333, 327, -2, 233, 232, 123, 39
3-38, 161, 344, 343, 317, 346, 310 306, 211, 179, .5, 352,
172, 125, 229, 155, 154, 3C2, 364, 239, 240, 11, 185, 1E4,
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372, 76 , 274. 372, 373, 371, 192. 23', 23, 113, .:4- 1 -

27?, 455, 310, 367, 467, 454, 3,E, 38F, 46c, 4-4, 476. 217.
393, 385, 391, 386, 222, 222, 222, 222, 222, 221, 125, 124,
223, 3F9, 395, 115, 22e, 115, 115, 11, 115, 115, 115, 219,
115, 115, 11E, 115, 115, 219, 406, 141-, 17 -- 224, 411, 2241

412, 226, 461, 451, 405, 480, 126. 127, 482, 461, 12E, 4S1,
225, 181, 213, 214, 212, 1-3, 242, 241, 150. 439. 423, 422,
169, 167, 438, 151, 231, 44a., 449, 402, 384, 4e3, 139. 137,
396, 235, 444 443, 40-, 230, 182, 4E5, 464, 22E, 226, 142,
401, 100, 176, 207, 206, 205, 397, 106, 399, 112, 169, 1-3.
47?, 477, 79. 216, 90, 107);

DCL INDEX1 ( ) kADR PUB INITIAL
(0, 1, 4, 5, 6, ?2, 7, 9, 9, 13, 14, 43, 43,

43, 120, 52, 43, 43, 24, 15 , 16, 17, 9, E3, 71, C8, 120,
73, 25, 25, 1F, 84, 13, 19, 20, 21, 22, 52, 114, 25, 47, 43
, 43, 23, 24, 24, 24, -0, 30. 43, 43, 25, 70, 42, 25. 43,
43, 43, 43. 52, 30, 25, 30, 25 , 58, 59, 66, 6-, 68, 69, 43,
93, 93, 70, 84, 71, 72. 73, 83, 84, 43, 85. F9, 9, F7 , 91,
92, 93, 93, 913, 43, 102, 103, 104, 10F, 10.7, 59, 109. 109,
109, 114, 115, 116 , 117, 118, 119, 43, 43, 12Z, 73, 122,
124, 141, 125, 127. 123, 1Z2, 12E," 128. 136, 73, 93 , 73,
24, 117, 178, 139, 140, 141, 142, 143., 144, 1., 146, 147.
148, 14-, 150, 152 , 154, 155;, 73, 15e, 157, 159, 102,, 125,
161, 162, 163, 25, 165, 166, 1 g 3 , 170, 171 , 12, 1"4, 1"-'
175, 59, 176, 178, 1 0, 161, 188, 1S2, 133, 185, 187, 165,
188. 190 . 192, 16&. 188, 194, 126. 203, 2Z. ?7, 43. 239,
59, 211, 213, 1, 4, 7, 9, 11, 13, 15 , 1S, 22, 25, 2c , 01,
3, 39 44, 46, 49, 51, 56, 58, 59, 60, 61, 63, 65, 67 69
75 e1 , 87, 93, 93, 95 100 123, 1,6, i 113, 117, 119,

121, 122, 12!, 128, 130, 133, 135 , 137, 13w, 141, 1-, 145
147, 150, 152, 155, 163, 3Z2, 446, 3Z2, 404, 466, -42, 342
342, 404, 4 1, 4:04, 296, 2E4, 350, 357, 332, 4104, 44, 4:4,
404, 404, 466, 279, 279 , 2"9, 279, 279. 1, 1, 1, 2, Z, 3,
4, 5, 7, 12, 12, 13, 13, 14, 18, 18, 19, 19, 20, 22, 2.
23, 23, 23, 23, 32, 34:, 34, 51, 51, 52. 52, 53, 55, 5E, 565,
56, 61, 61, 61, 65, 72, 72 , 7-, 73, 74, 74, 74, 74, 76. 77,
77, 78, 80, 81, 82, 63, 83. E3, 65, E5, 86. 86, 6, &E , 89,
93, 93, 95, 95, 97, 98, 98, 100, 100, 1~1, 103, 104, 1050
106, 107, 107, 108, 108 , 19, 111, 111, 112, 112, 117, 113,
114, 114, 114, 114, 116, 118, 118, 120, 121, 121 , 123, 123,
123, 123, 125, 125, 126, 129, 129, 130, 139, 132 133, 175
136, 136, 136 , 141, 141, 149, 149, 151, 157, 159, 16, 160,
160., 160, 160, 160, 1C0, 163, 160. 160 , 161, 162, 162, 162,
162, 177, 17P. 178, 179, 179, 196, 196, 196, 196, 196, 126,
196 , 197, 197, 200, 200, 200, 200, 200, 201, 201, 201, 203,
203, 203, 204, 204, 204, 204 , 204, 204. 204, 204, 207, 2?,
209, 210, 210, 211, 211, 212, 212, 214, 215, 217, 217 , 219,
219, 220, 221, 221, 221, 223, 224, 225, 225, 226, 226, 228,
231, 232, 233, 233 , 234, 237, 23E, 239, 240, 240, 241, 242,
243, 245, 24E, 247, 248);

117



$FjECT :CL INDBX2 ('m) SYE PU- " ( , T, 1, 1

10, 1,,,,,,,,,11114111?

12,1I,9,,, 12,1,9,,, 9, , , 1, 5, 12 ,,
,, 1, 1,1 1 1 9 1 , 1,1 1, -95 9, 1 9 1 , 1

1 9,9, 2, 10, 2, 1 , 1 , 2, 1, 4, 4, 3,3 , 0 12,1
1 9 2 9 1 9 9 2 t- 1 9 2 2 9t 9 !

1 , 1 9 , 2 9 1 2 ,, 2 22 = 2 7

2,2,3,3,2 ,2, 2, 2,34, 3, 4, 2, 4,'52, 3,2,,
2,1,1,1,2, 2, Z226,,633253 52,4,

16, 26, 27, 2E, 29, 61, 63, 71 , 2, 7?, 91, 2, , ,
1 1 9, 12, 121, 122, 141, 15C, 15, 17C, 1'1, 17, 171

1 3 1 r 1 01015 , 2 - 0 , 2 2 , 2, V,
C,1 , e ,21, 0 , 0, 0I, 0. , 2, 0, . 2 , 2. P , # Z

0 , 0 , 09 19 0p 0 1 , 0 02, 2I , 2, 0, i, 3, I, 2, 1, I , , 2, i, ! 3 ,2

0, 2,2,2,2,0,2,0, , 1 , 2,1 1 , 1 1 4. 1

2i0, 1 , 1 , 1 , 0 , ? , 0, 2, , ,. , ,I ,
1 31 i2 , 3 , 1 , I, 2, 20o , 2. ,) , 7,2 : , 2, 1 , 2 ,
e2 0 2 , 3 2 , e2, 1, I2, 1, 2 , C ,A ,, , 5,2, 5, C 2, 5,

2 , 1 !, 2, 2,, 2, 2, 0, , 5 2 ,
2 22 2, ", 2, 0,2 2 2. 4 2, 7-, 2, 1 %- ' "

0 , 2 , 27 23, E9 21, 73, 7,I , 720 ? " , 9 ,c 4

~ND k 3 LFS;
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-I, S yI:LT 'sMCT - 1?1c --(,1 7 - r-TT
S YM3CL: ;
EO-FLAP.E LIT' LITERALLY'LSAL,

1,CL LT- 'Dr-EC TA F_
FOS LIT 'e',
N:'F' L IT '1' PUj? LIT 'PUTI :'11 LV I YTFA:'
PRCC LIT 'PCCErUR7E',
TUF LIT '1',
AnD P LIT 'ADrDYSS',
FALSE LIT 'C'',
PU ILT T$.1 SF_ tC LIT - ODE'; :)'L
I-ENTSIZE LIT '32', /* M"AX IFiESZ
VfiRCSI17E LT '11 T ~E~ AR PP~
PSTkCKSIZE LIT '48', /* SIZE CF zA-ST ~Ar
-jA S tT TBSIZE LIT '12C-', - AIS OF HA~AL T

ESAS LI- '12?(', /* FAS ,TAEL;' CT- -1

Y'AxliNT LIT '372767', I MAX INT~fir: rAU J:F
CDSIZE LIT 'S', /: B-YTES USEDF-r B BlRC7 VA L ' S

-AX$NEST LIT '3', /H MAX l'VEL OF NESTS FC-r- 7YPE-S ~
rAx$APRY$DIm LIT '5' /. ,A~X kRY >ESIIS
FO?.MMASK LIT '7', /4 USED TO0 :FENV' IP YP- ;:

T FRAF % ET F -1s ;, */
rCC'4SSE'JTF.Y LIT '1'
TYPFSENTEiY LIT '2',
VA7"TN-TY LIT ''
774JC5BNT,.Y LIT P-4/ UME TYPES ~

INTc-RSTPELIT '1',
SIcNEr$EXPON LIT '4',
REAVL$TYPE LIT '2',
PARM' LIT 't7'
LOC'l LIT '79':,
PARVI LIT '69'
/* MANY OF TFE FOLLO'AINI; VARIA.7LES CJA-N 7- FIA 7

BY YAKINC
USE OF TEE- DPARALLEL PARS7 STAC~c 4/

DCL
FCRw BYTE EXT,
FXPON BYTE -XT.
VFCPTR 'BYTE EXT,
TYPENUM BYTE EXT,
CC4ST$PT. BYTE EXT,
SmTA?TDoS ArIR EXT. /;AL:? OF PTD TO O? F ?O
TYPF$LOCT ArrR EXT.
VAP$PTR BYTE EXT,
Vk.tASF1(10) ADLR FXT,
ALLCtOTT ALIR EXT,
CONST$INDX IYTF YXT,
LklOKTJPiArDR ArDR EXT,
CCNSTSVALUE(16) PrYTE EXT.
CONST$PN4$HASE(4) B YTE EXT.
CONSTtPN PTR ?YTF EXT,
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C T R t (I V17 " AY : X QR X,

/ ~ ~ ~ -A' CFs ST"f".: T LA~ E n A

:CL ECrNUN ICsIZ7) BYTE Fx:,
SCDr'r(l0) ADL? 'X71,

S , Op $NYtE I BYTE Ex
tm

TE 'PAIDD? A'DP. EXT,
-""'-A r P1 A rLIR FX7 ,

EL P7V$S3T$ENT?Y ADD? TXT;

/* CO"PIL7? TOGGLES~

/ :-cH CON T FR S * /
LAPLCOUNT ArDi EXI, /"' COU.NTS N\Ul-3E; ~ ATs:
AILCCt.A.LR ArD EXT, i*CO , coua: P.s: ,JRrs (

/* FLAl USED DITRI.NG COPE- lFNE?;ATICN ~
REArPAR AS YTE ZX-, /4 R7ADING kC,"jAL 7PAzAMtES */:
PPYENT BfTE- T-yTl, /~IEN:IIT I I~ IYPL

SIGNt7LAG PYTEZ EXTp /2' Sy:~E SIGN pp:CF:F6 ID

/* cLCBA.L VAPHIA3LTE rSEP3?TE N
FASECODE BYTE EXT, U ASE VALUE7 ')F CT?RFN7 TOK-N

OPERATIONS GLC~kL VARIABLES U SED lN Sf '3CL T-AL7

PAST ADLR FXT, /* PAS"E LOCATION 17ZN??~
rEkSHTABLE(?kSFT3 LSIZE) ADDR EXT, /* EAS71kT:A9LE A;.R4AY

SBTBLTOP AEEQ EXTr, /4' IGHEST LflCATIM~ 01 S-Y~rO
TAKtE */

S3T73L AD? EXT, /* CURRENT TOP OF SY'-OLr TAll r
APTRADD? ADrR EXT. /H UTILITY VARIALF TO ACCSS

S27T21 l/
ADDPTP BASED APTRADDR 4rLR, /* CURRENT F lv -

POINTED AT */
(BYTEPT?'T EASFL APTRADD?(1 ) FY:E, /* CITRPENT --Y-;

POINTE:D AT "
PRINTINAVE ADDR EXT, /* SET PRIOR TO LCCTCUP CR E-NTE

SYMFASH BITE EXT. /11 SASH VAL-UE CF AAq IrFNTIi1E? F/
LAST $SqB'UtL I D ADD? EXT. H EHCL ??Evicus 34SF

LOCATION */
PAR.AMNUMLOC ArrR EX:, /* STO)RES POINTEPF TO PAPAV

LISTING */
SPTPLSCOPE ADDP EXT, /* rBASE OF LAST -FTY T:'

PREVIOUS ELOCK,./
SP PYTE EXT,
MP BYTE EXT.
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r-ADD?'PS:kCKS1Z7) AZD?: Fx:,

FcR'AFIvE:LL'(PSTAC,<SI'z' )?YKT
V.AR(PSTACKSIZE') BY:T 7lXT,
VAFC(VARCSMZE) ?YT7BT
FASF(PSIACKSIZE) IYTE Ey:

/* rrCL.4?F rXTEP 7 AL iFOCFT707S, F'TiD 1'. 3YEFS

GFNEPATE: ?DP C1OJCnrF) EXI;
rCL CBJCODE EYTV;

rCL ERRCOrE- AL?';
FID YPEOR;

t'-()V F: P Loc,(SOU~iCF,DrSrINL) --XT;
rCL (SrURCELZSTIN) ADRt;
DCL L ' YT7;

ENDE MOvF;

!MCN1: ?PCC FYT:
FND (WON 7;

§BFNAT ? : P~h)C (A , P) 7v:;
rCL A BYTT,Z A71R:

7-Nr7T TN A DDR;

.S T AILRFSSePIR - THIS PROCEDR ST
POINTER TO A S?'TCIFIC LCCATIC,. IN TEF
SYMBOL TA LE.

SFTADDEPTE: PROC(OFFSFT) PU3;
DCL OFFSET BYTI;
APTRArrp = BASE + OFFSET;

END SFTADDRPT?;

" SETtPAST$PPIN1NA.ME - 'THIS PROCEDURE SETS :

"APTPADD? TO A LOCATION INi A SYM30L TABLE
"ENTPY TuAT IS PAST THE FINTRYWS PRI.\mNAtrE
(w HICH IS OF VARIABLE LENV'TE).

SFTtPkSTtPN: P~nC(OFFSET) ?P;
rCL OFFSET BYTZ;
CALL SFTADDRPTR(C-);
CALL SFTADD'RPTP(rTTET?'3) + ()rFFT;

END SFT$?AST$PN;

*CALC VAPC - THIS PROCEDLRE DFTERY.INFS TRE
*LOCATION OF Ali IrENTIi'IER PRINTNAME.*
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C kL CS5V k FC Fr CC(A AZ P -23;
:CL AYT F

.1D CkLc$Vk?Cl

- STtL(CKUP - .I FLLRE :Lz :
~'NT '_'F AS H 'A L Ur CF A N :DEJ: .T

SET~C~t : PCk^A') PUE;

?~INNA~ = AL117VABC (A);
SYYEAFF = FASH(P; /*~ RASHCOri CF F'.~

/* TNTRn7SLI'JKS - TES ?EOCZ:!TPR 71'R

/* NFXT ECUR ?YTES C? TFE SYi'KC' T'-ZL- :- .r
/* CILLISION FIELL ANr' THE PR-7VIOUS SYMBO)L

'* A" LE EN -1R AlLREFS S F 17L L F CR T F %X: X
/* SYY30L TAALF E'ITPY. ( BOTH TN ALDBE-SS VAF

ENTER$LINKS: PROC PUI;
'RAS-1, APTPADDP., S3T!3LSCOPE -K'L

SCnP~F(SCOE$NUI") = SVTBL;
ADTrRDT.R = FASTELE(YMASH):
CALL S7TADDPTP ( ) ;
ADDOPTF = PRVSSTrLFNTEE;
DRV$S3TSElTRY =SKIEL;
EkSHTAk3LF(ST'HASH) = 3ASF;

END FN T"F L INKS;

*CECK$PRIY'T NAMB - THIS PROCElURFE tES A~
~CRADACTFP. TO CHARACTER CCMA?.ISCN r'T~hEFN
*THE CTRRENTLY ?ECrNIZElr TIDEl'IFIER %N ' '
*SYt.'3OL TABLE ENTPIPS OF THT SkME HASE 7k LTJEW

CFKS''PT$lNAlE: ?:RCC(A) BYTE PUB:
/'* A is OrFSYT TPCt' BASF TO ?RINTNAYE 7/
ECL(Ni BASFD ?RINTNAf'E)(l) BYTF;
LOL (LENA) BYTE:
C k.LL S FT kDDR PTF.( A );
IF ( LYN :=BYTFPTR(-O) ) =N(O) THEN
to WHILY (BYTEPTR(LEN)=N(LEN));

IF ( L7.4 := LEFN-i ) 0 TiEEN
RETTURN TRUE;

END ;
REWTURN FALS 7

END CHEPRrt.NAfE;

1* LOO0t'P$PRINNACMT$IDF'NTITY - TEIS PP.OCEZURE 4
Pe IS PASSED THE LOCATION OF AN IENT'IFIFR IN ~
/* TEE P.RortC'rION RULE, ANtr ITS TARG-ET ENTRY *
/* TYPE. IF TF! irFMTIFI!R IS FOUND WITH iHE 7
/* CORRECT TYPF THE PPOCEDURE PETURN TRITF, ~
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IY iS RB .......~

'kLL S- IoKUP(.A);
2 A JA S-JTA?Ll: SYt'1T ASL ~

c k TL SB?-.LD~r'7(4);
!F (( -?YFPT.:z(Z0) A~n 710.,M'kSy I%!7NT? -

IF CFK PRTeNPIF(e) N
u' ((BASE < SCCPt?%')) Cz O3AS- >=

OR ((IrSZN'?Y = TYPESEPJ7RY) A'J: (":!ST
SCOPE (SCcE$,JT) )

T-47N DO;
L-OKUF $1. rLR=E-ASF;
RETLTPN TRUF;

CALL SETAr:RpF:B(e';
3 AS7 ADDR?TD;

RETURN F-ALSE;
TEND LOQTU? ?NID

T~ LI V1IS - TI S R,) C I UP p 23JVS
C~ Sv3L T _ EN~z v AB3CUT TO ~ '7RL~

/' -ILL NT EE - PERLr2~
/* AVAILABLE S YV 10L TABmLE A.ZRESSE.
/L. T. PAAEE S TE 3YTFCOUN7 OF E

/* FNTRY TO BEENTERED. v/

LIT MlITS : P?OC (COTN T) PUB;
DCL COUNT BYTE;
I' SETBLTOP <= (SBTEL + COCNT) T7EN
DO;

CALL FPROR VTO2);
CALL ! ON3;

VEN ;
END LIMITS;

/* FNTFR$PPINTNAMEtID-FNTITY - THIS PR.OC:-:UF.E 4-,
/* LOADS TFE SYMBOL TABLE WITH -rE TOLLCWIN, :
/* 1. COLLISION FIELD *
/*' -. PREVIOUS SYt'.BOL TABLY F4TRY ADDRYSS ~
/* 3. FORM OF ENTPY (. PRESET ?YTE "FOT~tM") '
/'* 4. THE LE4GOTE CF TEE PRINTNAY-F IN ONE BYTE3*1
/* 5. THE PRINTNAM? CHARACTERS ~
/* PARAMIETFR: PRINTNAME IS SET PRIOR 2CCALL. ~

/*:;***********~~t* ** **~*** ****~:: ** ~ ~ '~4c

ENTFP$?NWD:PROC PUB3;
DCL I BYTE;

rCL (N BASED PRINTNAME)(1) BTEV;
CALL LI ' ITS (I: =N (0)4-7);
CALL 7NTEmRtLINKS;
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CALL ST A DrRT ( );
PY'EPTR(e)= FOR";
kALL S7ET.DDRPTR(!K;

--vTFPT? (?,)= SYv7A S H

GALL SF ,ALDRFTR(6);
";YTFTF (2)=N(c);
CALL V(?NNM~,?3+.()
LAST$SB'rBLSIL =S3T5L;

S3TiL=S3T3L+I;
END rN\3RPN$ID;

/7 T'TDVA?;IABLT$IL7NTIT? TFUS PROCE:1 R 7
/CALLS FNTEIR P.N~i TLO LOAD TT3E SY.BC 1,L 71Z

/* ENTRY CUjRRFNTLv BEINc- SCANNFr. IT ALSO ~
/~GENTBATES THE EF1TRY'S FR Y?~c~I;~
1A BOOLFAN 'OR' OPE;PA-IIN ON T-F IZ 7.RY '7
/'~ A THE PARAVE-E

/ e. .,',.,v.4.

ENTFvt7APtID: PROC (A,? ,IPtENTRY) ?U3
rCL (A,E,ID$-;NTRY) EYTFE;
17 LQ~?P$DI$NP)TE

p -RBNV

/"ETSE B'!T??p V.AL PJAmE "
P'7SF'4T = EALS-;
Fopfl = A OR ID$7NTBY;
CALL ENTFR$PtiD;
17 irDFNTRY = VABFE;JTFY THTF1

CALL LI. ITS(4'
VkP$3ASE1l(VA? PTP) = S3 T3L;
S?TBL = S31'BL 4;

EDENDE*V.?ID

Pt~ STLAm ' L - TEIS ?ROCEIT'RE ASSIGNS A 'AT7L
/* TO TE"E CURRENT DTCL4PED 1L07,L klD CT/
/*' THE LATELCOtINT ( NXT TO0 ASSIGN)./

S7T$LA3FL: PROC PUB;
ADDvPTlP=LABLCOUNT;
'.ARLCOUNT=LAElLC0r.NT+1;

FND SETSLABEL;

/* ENTER4LABEL - THIS PPOCPDTJRE LOAD'S A LA1EL T
/)* ENTRY INTO THE STMBOL TABLF. SYNEFAFK AN' )
/* PRI"NAME M UST PF 3FT PPIOR TO CALLING ~

FNTTER$LABTEL: PPQC PU3 ;
CALL L IMI TS (2) ;
APTRADI)R = SiBTEL;
CkLL SFT$LkBFL;
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7PNCD ENT.?SLAEL;

* ALT? PRT#LC0CAICiS - THIS ?RCCUr F---
* A L ')CATFS PP'I LnCATIONS FOR ALL F-.cL oN

k N D7 0C? "-:A ?D PR CCFL;? E S AIN I TR A 0 C I A'.7' 7

FOP.MAL PAPAt'TFFS.4

ALTv~v$PRT LCC: P?0C PUB;

CALL SETSPASTLsPN(?);

PAPAYNTJMLOC = ATP.AELP
ro I = 1 'ro F;

APTPADL'D = ALDDPTR -+(-1*)
rO CAS? (FHR(EYTEPTR(0j,---) ANt FOVW ASK':

kLLC$QTY = 1; / '- SCkLk? ~
ALLPV ,TY = 2; /* INTEGEB R
ALLCtOTY = P; /- REAL *
LLCSCTY = 1; /* CHkP ~

ALLCtOTY = 1.; /* POOLEAN ~
END: /* OF CASE -/
APTRADDR = APTPADDR +1
ADLP.PTP =ALLOCtADDR;
APTE7'ArER = TVIPAEIR1;
AkPTRADD. = ATPADDR + 6;
APTPvADLR = A?"'PAID? + 1 + QTPTf)
ALrLRPTR ALLOC,$AL-R;
kL'LOC$kDD? =ALLOC$ADDP + kL:.C$CTY;
TEMArDR1 =APTRA.DDR -4;

END;
TNDl ALTFP$PPT LOC;

" ENTE? SUB?()UTINE - THIS PROCEDURE LOADS A
" STT9?OUTINT ENTPY IN THE SY-9rL TABLE. TPFE
*PABAVETFR NUMEFP LOCATION IS 5TORED' AN %r,
*SCOPE LEVEL IS INCRItIENTEL EY ONE. "I

ENTFPtSU??TN: PPOC(A.P,I!%tEJTRY) PUB;
D)CL (A,irtENTRY) BYTE:
CkLL YNTEP$VAR ID(e-, SP, ID$F.4TRY)
IF NflT PRESENT TFEN

CPLLL LIMITS(4);
PARAtINUMLOC = SBTqL;
SETBL = SBTBL + 3;
CALL SFT$PAST$PN(10);
ADDPTR = ALLOC$ADrR; ALLOC ADD? ALLCCW-ALp 2;
CALL SET$SPASTtPN(14);
kDrRPTP = LARLCOIJNT;
LAI LCOUNT = LABLCOLYNT + 2;
SBTBL = SPTBL + E;
IF IDtENTRY =FUNC$FNT.Y THEN
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DO;
S'TBL SB3T.'-LI + I;

~N E

ELSE DO; /~FORV'Apr FuiicTicq '
CALL qET$PAST5DN(14);
IF ID$E'JTPY = 'UTNC$Ei'?RY TFP TT"vADD? A~Al

3;
ELSr' TF IPADniU = APTRADDR + 2;
CkLL s ETSPAsT$PN(lV);
ArrPPT? ALLCCtADLF;
ALLOCSAD-DR = ALLOC4ALLR + 2
CALL kLTFP-rRT LOC9

F l-D
7PA-i',NUYLOC(MP) = BASE;
ScpF(Scp--NU. := sCc.PF.uw'-l) S= -l

ENE 'FNTFP SUB;TN%;

/* LCOtZUPSONLv - THIS PRCCEDURE IS PAssEr T7-7~
/* POSITION OF A 11~IFE J1S 1CA ) I N
/., THE CURRE"!T PROrUCTION ( S?,M'PMPrPI ) N
/* DETUPNS TRUE IF THE IDENTI ?YF.I1R IS OU IID I' ,I

/* THY SYMBO0L TAKLE. ~

LOCK!TPS07LY: PDOC(A) 3YTEF PU3;
ECL A BYTE;
CALL SETLOOKUP(A),;
3A S F=H S ETA3L ( SYMPT S E)
Dn 'WHILE BASE 0> 0;

IF CFK P T$NAME(6' TH71
DC'

LnOKUP$ADLR=FASY;
RETURN TRUE;

E7ND;
ELSE DO;

CALL SFTArrRDTR(0);
PA S E= DD PPTB ;
ENE;

END:.
RrTURN FALST;

END LOOKUP$ONLY;

/* THIS PROCEDURE CONVERTS A REFAL 4
/* NUMBER IN THE PROGRAM TO A BCD /
/* RE?Rr'5!NTATION. *

CONVPTBCD: PROC(A,7) PUB; /* A=SP/r.P/VMPP1. 3=PCS/NF~ l"
rCL (I,J,DFIAG,EFLP~-,S.LAG,A,E) BYTE;
DCL (N BASED PRINTNAVF)(1) BYTE;
DCL (EXPO.NLOOP,EXPSIGNLOOP) LABEL;
CALL SETLOOKUP(A);
/* INITIALIZE VARIABLES '

SYLAG=FALSE; EFLAG=TRUE; DFLA '=TRUE; I=i;
ro J=O TO 7; BCrNUMNj)=0; ENEO
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H(i~ T~V 'AiJNC G Z PCS

IF I=~z+)THEN &OO XPON :LOOP;

P" LCPAD BCDNUM1 '.ITF SIGNIFICANT r IG TIS ~
PC w F ILF (N (I)-' ) <= 9 CIR N(I 1

IF 'J(I) .' THEN
DO; FFLAG=FA T C

I7 I=N(o') 1-7N GOTO F-XONLCO?;
I= I+ 1

END:
TLS~

r(, WHILE J = PNr LFT AC A-N' (N' - C
FXPON = EXON-1;
IF I =N(0) TEEFN GO-?O EXPONLnoC?;

IF T BCPsizF-1 ) THIFN Co
m F:XC.4LCC?;

I-i EFLAG- THFN /Y' FIRST BCr P~kl?
Do;

PC DNUM (J )=PnL( (.N( "' )-' )
DFLAG=FALSE; I= I+l;
IF YFLAG THEN FXPON=EXC,4+l;

DO;

j = j + 1; 1 = I + I ;
DFLA.V^=TRtTF; IF EFLkly TENFl TXP(CN=7XTCN-1:

FEr;
IF i=(N(c1+i) THEN G-OTO EXPONLOnP;

rND;

EXPON LOOP:
IF N(I) = 'E' TEWN FLA' FALSF;
IF I = (N(Z)+l) THTEN GOTO EXPSIGNLOO?;
IF EFLAG THEN

DO WFILE N (I) <> ''

EXPON = FXPCN + 1;
I I 1;

END;
I = I+ 1;

FN JD ;
DO 1"? 1LE I < (N(O)+l) AND <iI-~ = 9

I=I+ 1;

IY TYPENTJM = REALTYPE T7FN 'CTO FXPSIG~iLCOP;
/'* N(I) = 1I = 1+1;
IT' TYPF!NUM = SI"NEDSFXPON TH7N
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r 0 I TO N(~ T0)
M A+(N.J) '

IF SYLAG TTTFN /* EXPON~ENT CATCULATICI
EXPON = EXPON-DFLAG;

FZLSr vFXPO,'l EXPCN + DFLA~r:
EXPS IGNLIOP:
ECD.NL1MfCfSIZE-2='R0L(B,7); 0~ SIGN OF XM~~
IP FXON *> 127 T7EN

CALL ERR0R('EFE':
RFT UF N

ELSE BCrNJ(FCLSIZF-1 )=ECrLNIM(CCSIZB--l )+F-XPON ;
FID CONVP.T3CD;

1CCNVFPTI - TEIS P?f0CE:uTRE IS PASSE "A", 7T-*1~

/* LUOCATION OF A CONSTANT Il T~vE PROD UCTION t/
/* AND "72 -;T 'SIGN" OF THE INT7GIR. ?E- x-/
1FUNCTICN GENERATES A SIGN~Tr 16 BIT RTT:RE- ~

/* SrNTATIO4 OF THE VNT'hBEP AND RETURNS 17T IN
/* AN ADDRFSS VARIA2LEF. /

CONVE-PTI: PFOC(A,B) ADDR.ESS PUB;
rCL (1,A,11) BYTE;
DCL ( N FAS7D PRINTNAME)(1) BYTE:
D CL1 NUM kDDR;
CALL SETLOOKIJP(A.); NUtl=*3;
ro 1=1 TO N(O);

IF (MkXINT/10) '> NUM~ THFEN
DO;

IF (MAXINT/le) = NIJm ANDr -NI-')>"tEEN
no;

CALL FFROWI('E;
RETURN NUIM;

END;
NUM=(NUM*10)+(N(I )9'3);

END ;
ELSE DO;

CALL FPFO('IE');
RETURN INUM;

END;
END ;
IF B = POS TEEN PETUPN NUM;
IF NUM = MAXINT TFTN
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CA Ll FOR('I F;
RETURN N!2';

R ETUR~ N N NUM)
ENE cOqvETI;

/* CONVFRT CONSTAkT -THIS PROCETU?F IS CAL-FD '
1WITH TYPENUM S37T BY THE CMLP. '."H NUI'BER /

/* fMUST PF POINTE' TO BY SP" IN TuE FROrLUC- ~
/* 'LION. TtT PROCELURF RETURNS WITi "CONSTt ~
/* 4UMItTYPE" ANt -CONST$VALUZE SET SITT "HiE /

/'J UmEP IN ITS INTERINAL FORM. ~~

CONVRT$lCONST: PROC(A) PUB; /* A=POS,,NFG ~
DCL, A RYTE,INT$ADDR ADDR;
IF 'LYPENTTM = INTFCEBR$TYPE TFEN
to;

INT$ADDR=CONVFRTI (SP,A);
CONSTtNTJM~t-YPE(C.ONST$ PTR )=INTEGFRA7PTYPB;
CONS T$? TR=CON STt?TR +1;
CALL MOVE-(.INT$ADDR,.CmONSTSVALU -(COAiST$iNDr, K:,,*
CONSTIINrX=CONST IND)X-2; -

END;
FLSF' DC;

CALL coNvpRT3cr(S?,A);
CONST$'NUM$"TYPE(CCNST$PTR )=?.EATYE;
C ONS T TR =CONS $,Tr~pl
CALL tMOVF(.BC-~jcN:vu~o~NJph 'DCrSIZF';
CONsT$iNrx=CcNst~i~irx--Crsi zE;

END ;
EIND CONVTtCoNST;

/* rENT7R$CONSTANTSNU,',BFR AF4TER TFE NEXT FNTP3Y':/
/* HAS T.Ar ITS LINKS ENI~ERED INTn THE SYp.BOL
/* TABLE', THIS PROCErURE ENTERS :EE CC'NSTAPT g'1
/* VALUE INTO THE SYMBOL TABLW AND SET THE F
/* 'ENTRY'S "FORM Tn THE APPRflPPIATr TYpE. /

FNTP$CONStNUM: PPOC PUB;
CONST PTR=C0NST PTR-1;
IF CONSTL$MUM$TYPE(CONST$PTR)= INTEGERTYPE TEEN
DO;

CALL S7?TADrRP'T?(4); BYTEPTF.(?Z)=E OR CONStEITFY;
CALL LIMITS(2); COhiST INr-comST$INrt:-2;
Ckl.l MOVF(.CONSTtVALU-(.OVSTINDX',53TL2.;
SSTL=S BTBL+2;

F.4ND;
FLSE DO;

CALL SET&DD-RPT?(4); 3YTEPT?(0)=10: OR CONSSFNTFY;
CALL LIMITS(irrSIZE); CONSTtI'~rX=CCNsTtINlX-BcrrzT;
CkLL MOVF( .CONST$VALtTF(CONS$INDX),S3TBLT,BC"DSI7E);
SSFTL=Sl3TBL+BCrsizF;

END;
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/* kRF ENTERTED INO EESMBLALF, TS /

/~PDCCEPUjPE LOADS ANY IDEN4TIIE-F ALCN37 -.:: T

/IT-S LENIGTF . (USID WICH CONSTANT! S T ',S '1

/'* AlE CONSTAN4T IrENTIFIFERS )~

ENTE~tSTRINC: PPOC(A) PU2;
rCL (N BASED. PRINTNAME)(1) BYTF;
DCL k ' Y'F;
CALL SFTLOOKUP(A);
CALL LIvITS(N(W)l);
CALL MOCVF(PRINTNA,SBT3L,(N(K-+l)):
STPL=STBL+(N (3)+i);

E.ND ENTERSTRING;

"ETFPtCONSTAiNTtID - TETS ?RCDTIRF 'EI'TFES
" THE FORY FIELD OF A CON1STANI EN:Pf IN:20

*THE SYM30L TA3LE-.

TNTRSCON5SID: PRCC(A,B) PUE; /-- A=POS/NEG , ?=M'P'!r'??/S? P
DCL (A,B,c) BYTE;

CAlL SETADDRPTR(4); BYTEPTR(jZ)-C OR C,0\S FN\I.Y:
CALL ENTFR$STRINGISF);
CONS TtN PTR=CONST$PN$PTR-1;
CONSTSINLX=CC.NST-i.Nrx-cONtsN$s~isiZE'CCNST$P-NtPT?7;

FEND TNTP$CCNS$ID;

EFNTFPtCO.NSTANT4,ENTPFY -THIS PPOCEDUE
D7TERYINES WHICII TYPE CF CONSTANT FINTRY IS

*TO 'BE rNTERED IN TVF SYMBOL T.A?LE, ANI'
*Air CALLS TEE CCRRFSPCNEINr- PROCErT2RT
MAI'F THE ENTRY.

E'lTD$CONS$iTRY: PROC PUB;
VFC PTR=-CP TR-1;
DO CASE EXPRrSS$STK(sP);

/* CASE CONSTANT NUMBER *
CkLL ENTlR$CONS$NUPM;
/* CASE IDENTIFIER CONSTANT ~
CALL ENTR$CONStIl:(POS,SP):
/* CAST SIGNED IDENTIFIER CCJSTPANVP~
CALL FNTR$CONS4ID(NEG,SP);
1* CASE CONSTANT STRING *
DC;

CALL SETADDPPTP(.4); ?Y!TTP(Z)=leH OR CCNSt7NTDY;
CALL ENTER$STRING(SP);
CON4S T$PN $PT?=CONS T PJ$ PTF.-1;
CONSrtINrX=CONST$NKCTP$IZ(OS$\??'

FND; /* 0? CASE CONST$TYPE *
END ENT? CONStNTRY;
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/- FNTESCPL7STYP THIS PFCCDU?7 IS ~
/:* CAL: ENTEF Tr F 11N FS AND "FOR", FC

* T c COP L EX TYPEr' CY 0!, APBL :N: .R S
/* O~ T-VT THIS E NTF.Y N~V' FAS A.

N' NA M' ASSIG NFI).

FNTP$CPLX$TYP: PRoC(A) PUB;
LCL A MYTE;
CALL LIvITS(E);
3kSr,APTRADD-SB?L;

C.ALL SETArERPTRq(2);
kDDFlpPT? =P RV S T tFN TP.

CALL SETArrD P2TR(4);

.Y TFPT? (0 )=;
SB9T'lL=SBTm L+5;

END. ENTtCPLXSTYP;

P* ENT"TSPTYP THIS PFCCZEUT IS *
/& CALLEDr BY THuE TY P E' P -o0U C TI CN ,j

1 1. ST TYP p
/~2. FILE TYPE ~
/7 . POINTE3 TYPE 4

/ IT CALLS VNTR$CPLX~TYF -0 377 UP I17 3
/~LIN S" AND "F*'4", T STSAO\T

N~ T TE .SCAE tCPF 'p p

rCL A EYTE;
Ca.LL EFATPSCPLX TV-?(A);
CALL LIMITS(2);
CALL SETAMP~TR(%);
krDPPTF-TY?FSL~CT;
S'BTML S?T'ZL+2;
T Y' z7 tT CT='ASE;

ENTERtPPAyETER$TYPF THIS pocCF- :VE
'~UTILIZr'S 3fBTF C7 COLE 'TOR FACE H .~--
*INF PAPArETER TEAT WAS PCOGNIZE AND, PUT'S
'~THE FOLLOWING INFORVrATION IN TEE SYYEC'L
101,7: 1. TYPE Cv PAA,-FTEP

*2-3. RELATIVE LOCATION OF PAPAMFTFR.

TElTr$??MTYP: PROC PUI;
APTDLR= PARAIMN1WLOC 1;

ArDPTR = SBTPL;
S3T'- L = S3Ti'L +pH~?. 7
?ASE = LASTtSTI IZ;
DOl !,7 ILF PARAMNur' 0> c;

CALL s'ADLP.PTR(4-);
MIrPPYTE =BYTYPTR(O);
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-AS: -

= 0 AF.B v L/t: CT(rC

-~~~ 7'A... L -_

Y17 LCC=TA3 l I

?. c" -- T7 ?FCCS LCEU? iS

7- APCA C isB :N: U ~~N S'

A LO~L "&A ETSADm AtNiATA

C L L7 N 7R kS. F*

ATPADP- 'o MATCH'NUP?E'OC(SP);l'UTr E
BASEETr AN -HE ALINL CT'

AP BYTFP R~ =~5 TE~NUL(P

DO; /* C7ECK FOP : 'TECE? OR RFAL INPUT ~
IF NO T(((SFL((?YTPTR(') ANr FO MYASK)i,3" OR.

VARtST.Y )=
(70FOtFFILD(SP) AND) 7ry))
OR ((RO.R((TYTFDTR(e) ANI: 7~e:',1) OR VAQEN'2YN=
(Fo"SFFLD(SP) AV!D 7")) THT-1

CAPLL FR R OZI P')
ELSE
Do;

CALL PAR."tBYTFS(BYTTETmR(0),;

END;
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2 y

DO:
IF SFD(FORI FIELL(S?).3) 0 7 HP 7' CAN'T '/

CALL ER0~v('IP');
F LS 7

ro;
CALL .$rTp?1,?sr.Si
CkLL PA~r$3YTFS(BYTFPTP(o));
F- N Di

E \,r;*
rLSr DO:

IF NnT((SHL((7YT-EPTP(3) AND FCFY.XAST&22) OR
VAR E']1TY =

701Fm SI FLDu(S?)P THE7
CALL FRRO?V'IP');

ELSE
DO;
CALL CEN$A-rT?(PAM1,PaT ArD?(SF));
CA1.L PARM$EYTZS(BYTEPTR(0));
EN~

END;

?kF 1NuvLOC(S?+2) P ARvNU'LC()41

~~NLA: -ULI$??M

* SS If-N'SPAPA F'F? - TH:TS ??CCED1JT mSUB
*A PROPTR vATCH UP BET-AEN :~Sr.:B?')uT:S

70RXA~.L P~AA,'ETFPS k.NE TECALLI'l. ACTU-Al
*?APAMIFERS.

ASSIN.IPAR.AS: ??OC PUT;;
IF SIGN FLA7I THEN

I? ?OM$?IEL(MP~) = UILT INF".TC -HiP!
CALL BUTLILTSIN$PA~rM;

END;
ELSE IF "ORXSFIEL-D(VP-2) -3'I

T  SILFUC !'F7'
CALL PUILT INtPAPMA;

AiTRALDER = PAPtMUXrLOC(S?);
B ASE = APTRAD-r;
IF SER(BT-EPTR(0).7) THEN
DO:

IF (PYTEPTR(O) AND 7FF) = TOFM TIELD '(SP) EI
/* TFIS is A VARIABLE PARAv!-Tv. '*/.

CALL GF.N$ArDR(PARMV,PRT$ADDR(S?) ,;
ELSE CALL FrPoW(IP');

ENr ;
YLSY DO; P~ T IS TF A 7ALU7 DAFAr,-TZP

IF ('PYTEPTR(O) =FOL'$FIFLi(SPY'

OR (PYTEPTR~e) =(ioR!M$FrELL(SP) ANr 7F--') :EEL\
DO;
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CALL a&F SAID? (PA'7v,?: I:?s--

_LFCALL PAY:EsP( 'I F~2y

ENl"
"IAN T:"LCC ( S+2 =FN'LCS) A

EFNr ASSI-N1$?ARiS;

T~ rLOVTTP TrNTIjFIF - T-EIS PPCCFEUT 13 CkLT7r; /
*V'TTH 'SvM=ASE - ANI PRINT;NA ~ I~. T I. L L

r 7 'j -RUT 1I7?: 7 r r j 17I 17 CA~ T77:

LO(\nU?-SIENT: ?ROC _YTF ?UB
BS F= A 5 ' E ( sx SE HS

I- n : TLF (A SE <>Z A%7 S3: -F --'n L S T- v

I F H - PRT N AM( TE

1 K UJP t ALZ D Rt =' A
R E T RN TRE

ELSE' DO;
CALL SEALLEPTR(O);

P?7TUP';1 7ALST;
TN L O7 TTP D7EN?

/ LOC 7u$?R I N - q k 0 i T - F7 i PFRC R UEl S -:1 1
/ SYv7A SH A ND C AL LS L 0 ('K U ? iF T :

/LE-1-?Ir I! T7E E-4 - - IS. IN TES T BL4
/4 'LP 1777- ADiFSS CF T177 PDT1TNA~vF- IS 4

P~ ASSED kS A PAPRAtMETElR. IF TTF F .) IS
-0 FU N E, -RU F IS RETURNE

Lr)OK'iPN'A -': ?ROC(A, _MT P71
DCL ArALL; /* .ALE? OF ?)RINT-NAYE':
ECL 71" YTIP;N BASED, k)(1 3Y7'7;
H{AsE TC 0 rF=3~;

p =1 TlO 'N c)

SYv"F t=ASHCOLE;,

t:TT% IIN"J Av I",TAN;

/* , T'." E CnNS'ANT IDENT"IIFR - T7IS FCOUTI1NE IS
1* CALLD lTH_ PRI!4TNA'0Z SET TO LOAD_ P,

/' P -NTiE!R IN TFF 'CONSTANT AAL E ~A L'. 4

STCRE$CONST: POC PurF;
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S ! '.1: n

L C L k L 1" LI'TRALLY 'LITT?~.LY'
-.L Ll. 'DICLARI:",

F X L I 'X TE~P

PROC LimT '?RCCEMER',

A:D? LIT 'A2-LD7SS',
F TLQ TLIT ''
STAT-ST7E Lim 'ADEL?7SS',

BL'ILT~IN FTJN C L IT T EY' DCL
SA C K 5I17 LIT '4',/ SZF0 -IE :A?;SF SA3 ;:

P.AS;:TrBLSIZE lIT '12R', / I SIZ7 C7 ~?.3~~
,Dcrsizr TIT 'L:" " BYTFS US ED TOR 1C D VALT;F 3~
~AX NFS LI1 '3 " AX LEVEL C7 NESTF ECR TYPES
r-AXSA??'Y$EIM LI- kK / X A ? Y DI FSTS 1 /
Yq-XSK :7 ' 7' ,/* USED Tn ~TmIFF? TYPT -

.A Ll U?7 LIT 'C,
C~SENTy L IT zI
:YEs~:y L T ''
-S- T ,, LIT '3',

.ENCr'--V 'TI?''

TY? SDCLE LIT '7',

/* NUYM3?P- TYPES -V
2?:~YPEL17 'C',

I'!T!"I STYi7 L I T '
0 UAR tTYPE L IT ' 2'
UNS IrNS7XPCi TIT ''
S I ';N FD $ F XP0C LIT '4',
?001FkN 'YPF LIT 5'

RE-AL$TYZ LIT -
CCtvPLZEXVTYP7 LIT 4'
STPIN~tTYPE LIT '4'; FJEC-
/* YANY OF THE FOLLO 71Glr VARIAILES CAN IE R--.LAC-

MAKING& USE Or' THE PARALLEL P ?37 STACYS :, C
ARRY iv, r (25 ) A rrR FXT , A RR S! I VAL ( 2 A II t ;X
DT.SP$7rC(2F) ADrP EXT, ARFY$OFFSF- ACDRET

CONST$TYPE FYTT EX',
VrrP-T? lYTE 7EXT.t
TYPENUM BY"T FXT,
F'fiTA .Ls Ait? EXT , /*AI'lR rl PT?. TO ,C,: Cf FLS'
VAX B ASFD STARTIDcIS ADD?
TYPFtLOCT PTL EXT.



-?.$B4SI(12FF ADD- 7-y-,
A 7 1Y $ZTY AYT A EkX7'7,

LOk S 7-1 (? AD D Fr ET

C~S$qX Y7 BYTE XT

CCKTPv!A'SF A(\ EYTE EX?

I"TF7FR$lIFF ADDF TIT,
S T

F ?-VAL(2) ADD? EXT9
CSUB? $-YPE(Z) BYTE EYT,
SUBSPTP ByTE TXSTTYP Ar :?( 1 A~?ET
SUERSFORM BYTE T?
SIGNVALU BYTE 7XT.
APRY 5ASE ALL? EXT,
ARP~lTR BYTE EYT,

A??YD~.~ri?3YTE' ExT

F C$14ST By--,

~~ BYTE :7:,

Cl)ST$Ur$TYPF(4) B.YT7 FyXT.
A v ' EM tA 7-R T RE BY TE FXT

:D7L "E1174". ( 9CDS I Z E VT7 ,X
SCIPF(10) A!DD? FXT.
scn"PE$!iutN BYTE EX7,

TFt P7YTE1 BYTF FX-49
T7PArLR ALL? EXT,
TF'YPADDP1 ADD? rXT;

1COUNTEBPS
COLES17E ALP?. FX? /* C Ou 1% 7s N Um 3Fi 1~L.7TLS 7
TE?PnFCOUNT ADBR EX?, /9 C*OUNTS %NU -FF C7 ~S~
ALLOC'$'ALR ArrR EX', P~ C C 0TS PR:~E

/* FLAIS rSED DU RI M ( CODE GEIEFAkTIOC.
'.A?:TE STM_ "YT7 EXT I N' ?, VR I TE S N T
REAE$ST 'T BYTE EXT, P'" IN REALr S2A,'T7' FT
lFWtS'7M. BYTE TYT, /:* 'TFS AJFW RFCCPD ~
flISPOSEtSi'!~ nYTF FX'. /4 DISPISFS OF OP~~~
ALLCCATF !YTF EXT, P~ ?T LOCATICN . SSICNEE
V.'FPA.?m BYTE FXT. /7' O? A.L ?AAJ ' I S 7AT A S L 7T??7

PEADPA~R S BYTEF Ex:, /* READING ACTUAL AAKES:c
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/'T LCEAL 7AT IA'MLFS USE r.FY T 7 SCA N "F? -P
TOF.- BYT-r Fx'r' C~T C 7 F T C , 7 Tus 3AV E
/g* GL05AL VARIAIBLFS 7SE IN SYY--i -~ ArT7

OFERATIONS
3AF ADDR FXT. /* 3A. SF LCCkT7I0'.C l ' OF
HASTZ-APnLE (-A S FTELS ZE ) A r E : - '7 x UA S'T 7A 'D T A"BAy

SETELTC P ADrp Ex-, /* ICF-;S? CCI(7r,. CF v'

TA-qLF
SBT?7L A D? FXT, / CUREI ' OP O-F SYKFrC', TAFEF :;

ADT?ArL? Alr'R 7PKT, /-" U11IIY 'VARIABL7 ACS

ArDDBPr? BASE:) APTF.A:D?. A21:?, /~C7TT2 BY:'S
OINTEr AT-~

(RYT7-PTF 3ASED AFLADDR)(1) BY-7, /~C~ETBT
PrlINTE.' AT /

P RI N A ME AIER EXT, P~ SET FRI%'? -n tl'flKT- OP I'

Sy-v7ASF BYTE 7X?, i AS-Z~t~ CT NTBT L~~
LAST S-KTB-L~iD Ar-?: EXT. /-: 0TI ?~V U PAS

?AAYU~LCCADD? EXT. /* Sc'R7Q TC'~ 0 P
LISTING

SBET ELS CC F - A rr - EX: HFS OF0 L AS E:'YI
P?TVIOUS ';LCCKi*/

E CL TT .1L T N T PL (12 Y:1E EX:;

:% PAP,"-UVIP~S-ACK5IZF) BYTY EXT, ' A:Is TFF
PARAMTR AsScnCIATF: WITH k SU2?CcTIN1 F

L A P 1,S 7 A C K( PS T kC KSITZ) AT: F 7X, ; T A K 3 AXT-; J
LAt-rLS

PARM'NU'LC(FSTACKSIZE) AEL 17, H AI 1 7. S 7
LOCkTION IN SYYBCL T31, WF.iB PAkRAfw'T P INic s~CRrr: -

PSFWC(PSTACKSIZE) ADD? --.XT, H :-~ 7),3jrS
TABLE ADDRESS OF THE~ PETINATE EN-TRY 4./

FC~R FTFLDPSTACKSIZE) !Y'i'E 7XT, * HSC T!E 7 ?-
FIELD OF SCANN!ED- IIDF!TIFIERS ~
TYP :;/ YPEtSTACK(PSTACKS17E)BYTE ;XT,/-' 7CLrS A VA-:IA-LE'S

EX??WPSStSTK(PSTACKSIZE-)B.YTF EXT, /':; CONTAINS T
TYPES OF - E EXPRESSION CCY1ZONENTS */

?PT$ADDP(PSTACVSIZE,-) ADDR EXT, /f; STC~tS A,-
ID-f"'TIFIF-;s PYT LOCATION ~

PAA 'NUM EIT- EXT,
(SiP,MP,~P1) BgYTVE XT;

/*'E M NC FOR PASCALrSV' MACHINE ~
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Nc C? L IT '0,N: LIT - B II
L-I LIT '4' n T.1-1 ILT '7 Sk";: T '7

'P SP LIT ',CV LI ' CIL.'1,AL LI 1: 1,

SUl*I IT1,mLL LIT 17 ' ,'TI LI:4V 1I 1~
1IV TI 2 ,CLA, LIA 21'$F L'2 \~ L 1 2 -

LTF. LIT'?4',"F01 LIT'25',LS~zI LI-'2C',?- L LI ?~
1IN LIT?'6 ' JQL? LIT '29',YC LIT'30',LFOM I!-U1

NFBCS L 1 ZeLC L IT '37',7-TCS LIT 'JT3'LSSS rI T'-

INCT2 LIT '44',-NF'l' LIT',15',
'JFEI LIT'5C',CRM LIY"57',COMI, LIT '52 STc !. T'E'

STO LI "54,S-P3 LIT'55',STET LIT'56',S--r LIT'S'?',

BRL LIT 'C2',lLC LIT'67.',C2I 1IT4,',YKST"7 LIT Et'

I NC L IT '70 ', DrC L I T'71 ' , T%" L11 ' 72 ' , '- T LT,.'7'z
S'7 LIT'74',LlSI LIT'75'.*,ASE LIT'76',LCL I T 7'-

L07"4 LIT.72',LODI LIT'79 ,RP'3 Ll ',?PVT LI!"'1',
P:VS LIVE ',liv~ F IT'&3'.~ I'4,~sL:~'
r, 17 L T 'Ce',AT LI-W;7',S;? LIT'"',STN IW5',
COS LIT'9V',A?C'TN LIT'91',X IT ? 2' L N L I'T 7~
SCRT 1IT 4-l,r)D LIT'95',I. k: LI1 '9 C'F X Tr'1 7,

E~tNO LIT'98 r,-! rL 1IW99'R LI 10,E LT

LITr LITS '90', !-

S17CC LT 12- PRESFT LIT '1037 SFYK. LI T109 , ;;T
L IT " 12 5

LIT 113',

$EJECT ER Pi0FPROC(E??COEE) EXTERNkL;
DCL 7RRCCDY ADD.R;

END 7F1vP ;?

L 1C'KU?$ONLT:llPOC (A~ 'BYTFE XTERNAL;
DCl k4YF

END LOKTJP ONLY;

MOVE: ?ROC (sou.RcE,rESTIN,L' EXTERNAL;
DCL (SOLRCF,DFSTII) DR

L PYTEF;
ENL MOVE;

SvTADDRPTF: P'ROC(OFFSE ) EXT7TRNkL;
DC1, OFFSET PYTB;

END FTArrRPTR;

PM0431:PROC !XT"'PNAL;
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LIMITS:PDOC(CO7NT) 7FXT'7zAL;
DCi COtUNT BYTB,7;

7,1D LIMITS;

ENCTPtPPLXtTYP: PBOC (A) FXTEBNAL;
rCL A BYTE;

7-ND TT$C?LX$lY?;

SFT PAST 4PN:PROC(OFFSFT) EXTERNAL;
DCL OFFSET BYTE;

E-ND SFm$FASTI'PN;

L0OKUPtPNAMF:PlR0C(A) BYTE EX-TERNAL;
rCL A ArER;

END LOO':U?$Pl~kmE-

G'ENF?ATE :PIDOC,(n'?JCODE') 7XTEPNAL;
rCL CBFjCO!7E BYTR;

7ND G7NE.AT!;

GEN ADDR:PPOC(A,P) FXTrNAL;
rCL A 2YT7, 2 ADER;

VDGNAD,

ASSIC-$?A?1MS:?RlOC FxTERNAL;
END ASSICN PARMS;

DCL (ABIDETR)3YB
END. ENT $'4,TARAIL1;

ENTFR LABFL:PRCC EXT"'RNAL;
EN'D -ENT7'LA7EL;

ZNTRtPRMtTP:PROC EXTERNAL;
END TNTR$PRM$T'YP;

PRINTCFAP:PPOC (CHAR) EIXTERUNAL;
rCL CHAP, BYTE;

FND PPINTCE.4R;

CRLF:P?OC EXTERNAL;
END CRLF;

PINT$FEPOP:PROC EXTFPNAL;
ENE ?PINT$EPROP;

WRIT$INT$FILE:PROC EXTERNAL;
END WPITtINTtrILE;

MOVE$ySBTBL:PROC EXTERNAL;
YND vEsTL



CLCSE--INT-?I:P?CC FY.TF?NA.L;
END CLOSEtI' : FIL;'

PRI JT:PRC(k) RX TERNAL;
DCL A A1DR9

END PRIN7

LCOKUP I'lET:P?.OC 3Y'-"E 7'X7:MkL;
EN LOOKUP IDFNT;

$-EJECT

INIT$SY~rTl: PPO^ PUBLIC;
CODES iZE = 3
SBTBLTOF=w-AX-2;
VvECPT?=0;
CONST4P-P=O;
CONST-"INrX=g;
C ON S T $P N$~P TB=

ARY5rY"ArR$PTB-1l
ARRY$PTR=-1;
VAIANT ?AR F(J)=FALSF;
ARRTyOTT(O)=O;
A -LLOCsA DDP=QO;

END INITtSYN'TF;

*SU RANc-F ERROR - THIS PPOCEDUFF IS CALLED
* IN TFE EVENT CF AiN IYPPCPE-;R VALU7E IN A

SUBPANC(F.

SUBR$ERROR: PROc;
CALL 7-ROP.( 'IS');
SUB3RtTYPE :(SUBR$PTR ) =1NTECER$T.YPE;
St'BRtVAL'SUBR PTR )=Oe6FE;

ETND suBR$EP.pCR;

" O?D IGH LOW$CHF.CK - THIS PROCEDURE IS
"CALLED TO ENSURE THE SE-COND SUBRANc"TF VALUE

" IS GREATER THAN THE FIRST.

ORDItltOW$CHK: PROC PU~TIIC;
IF SUERPTR=e THEN RETURN;
IV' SUlP TYPF(O)=SUBB$TYPZ(1) TFE'J

IF SUBR VAL(O) > SrJBR VAL(1) THEN RETURN;
CALL ERROR(Is');

YND 0OPDtHI$LOW$CHK;
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S U13 AN I G $ -GF 10 K$~cc T' EI (zPRCC~'
DUPE IS CALlIET TO FNSUE TTAT S U-.
R ANG7 ELEv~FNIS ARE OF THE SAfr7E TnY?, 61%:
""FAT TFFIR 'VALUFS DO NOT' EXCFED T:1' -AX

S9INTFL CK VALUE.

IF SU R ?TR=0 FN PE-LUN;
I? S'u-R$:YE(ie) e> SUER :'YPE(l) THE
DO;

CALL SJRB~?
RETU>RNJ

IF SIT!': VAL ( ) K3276,c AA.-Li SUSP AL "1) >32 7E7 T:7'N

Ip~m:7 >IFE SU?RSVAL(2?)+( -SU??$VhLL(!)'),1;
BETUBN;

IV' SUB;$VALM~ 32767 0ND SU3R$VAL(l) K ,27E9 TF ZN

CALL SUB-R ERIK--

DC;

CALL STJ3F3EPRCR:
RE -TJP~N ;

ENr p:
FLSE /* 'BaTE :A .ATI'TE r

IF ( - 3 A'BVL()(-SBVA( f)(37%TF

IMTECEGR$DIFF=( -SIJAR5VAL(l))-( -0 A(l)j
RETURN;

END ;
CALL 9U"3R$FPPO.R;

E ND SU? Y-'I N $ 7L $CHK;

1* SU?RANCGF$IDFNTIFERtPROCrDtJPF - THiIS ROUTINE *
P" IS CALLED TO D:-EEPINE TRE OFFSET ( NUrMBER
/* OF E.NTPIFS IN A SUnANGF ) AND: THE 'YPF CFy~
P. SUBRANGE, GIVEN THAT THE SUBRANGE TYPE IS '
/* A tlktFD IDENTIFIER. */
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S TQ~~~C 0 C;
CONS': PN%*PT?=CONsT$?tN PTR-l;
CO S N! =~. TSI T C N SPN -- C
? PIN -,VA ' = .C NsT'$V ALUF ("'O74S T IN 'X );
SY IA = 1 1 jN :AS C N 1t NS "--
IF NOT LCOiKrF$IIFNT THEN CALL!U~E~R
FLSF DO; V4 CCfD CCNST NT IDE'JTTFIEFF~

CALL S--TAl*LRP??(4); /* POIN~TS T(' o(B:?'
SU97?, ~'Rll=BYTITRO();
IF SUPR~OM 0> 077 AND TS R A fFAY

CO 04 S FINJ T P
TEr CkLLL StT3? FRR' I '

ELSE DO;
I'f STUB?.FC.;kM 0?7E TE7N
D0;

STY9RTYPE(SJBF.PT? )/=OFD TY?F;
GALL SE-ArrPPTR(C);
ST'3R5CR~l'-lYTrPTR(0); /* L74^TE CE?.N~
CALL SFTA::?PTR?7S-J3 FOR);

CALL SFTADDRPP(7r-SrBR$F:ORN"');

CALL P-P-etI LCWSCHK;

wF~EL ((SR(SjRFOP~v,--j aNT' -- =(2\;
T T S2R(STT13F.FCR.. ,5)=jj-,TK

IF SIC.NVALU=?nS T1:1EI sb1GNVAU:-=N?7
ELSIE FIGNVATL=?OS;

CIALL Sl'.ADDRTR(6);

CALl sD'PR's~.~OK
IF NJOT LCCKU-P$CNLY(PT?A DPFE
Do;
CALL SUBRtERROR;
SUBR$PTR-SLTB.RPTR+1;

FLSF DO;
7BASF=~l"OKUP$A:rR;
CALL SFTAnLDRPTP(4);
STTBR$7?ORv.=RYTEPTF (C)

END;

1? 371) =2 THFN
DO;

CALL StJBP$ERRCR;
StT3R P:?=StlP $ PTR +1;
P FTP N;

E,.D ;
-4 PP 1-:7 HAV FE 1 '2H F A N I N F 5 CR CU~

IF ((STRF ,3) AD 3.) 1 TFEN
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SA LB A T7 QZJ QsT" C R-

EL SF SU$VAL(SU---cTR r5 

CALL SETAIEK:PL$C(;

CALL sv=TYrER?e();

C A11L S EBaADRP (7 +S; ? ,;R
I F BY? Y ~ 77.>0 1 PE
DO:

CA LL SU??~?r~

CALL SE"2A iFC Hr'Z SF

CALL SIn.sFHRtn;
ELSF rc;

CALL r;Dri$L'.sC{
END;

ND TTR 1 SD;l

P" SU3?41§EF CkSF - 'IS ?PRCCEDU?;,F TS S]TC/

P,' DETFRNIKF THE NU BER 0I' FN:EIFS IN A SUB?ANGF',/

5129R$C"ASr: PPCC(;
DCL A ?PYTF;
S ICNVAL-U=Pr)S;
DO CASE rX7SSsT'{(k);

PC; CONT$TR=CC.NST~rTi-1;

CALL SUJER,-7RCR;
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CALIL SUPS I NSTs ,L;

/* ' 'SE:FiNT CC'[S;AN' ~
CALL S T"' I DsPBOF0,C ;

/~CASE SIGNE IrrNT 001%STANT' '

CALL SU7 1:5sPPOC;
F N
/* CkSTE CC'NSTEAAT 5TRIN -/

C C.N S T S pN 1 p ?C ONS3 T~ 11, F i$P TI
CC S T 5IN' EXC ON STS 1 N rX-C C NS 7? S ?e Z 77( o~T o

IF CONST$N$I Z7 Cr ST,'Jp: ' Z!' 7?FF
CA LL E R$FR C R;

F LSF

I-PS E= p RI NT N ko

CALL S DFT()

7FL S

SbBE$TY?F(SUB??TF -CARS-'YPE;
CALL OR "ISLT~

S U?? 4 ?= SUc'OPT? 1i;

END; I* er' C ASF 'FXPP-SS$S(VP) ,

FN'D STJPT c-AsE;

/* F?!4SU?RANGP$FT?T - THIS PPrCTLLU-D TS ~
14' USEL TO ENTER A SUBRANO-E -YD-- rN' Y IN~ '

/Tt~ SYtRBOL TAPBLE. TF:05 SYBOL TA4LY r"I:Ff
PC HAS NO PFINTNAMY ASS CIA ~k IT.

TOlSSL?3S';TFT: PFOC FUBLIC;
TYP"-Ir)CT=S B"PL;
CALL TItMITS(12);
V'7CTR=VTC'R-1 ;
'CALL Stl PCASI(SP);



tA YTC V =r:(A3 Y?

'ALL S7B:ARPF,(1):

5 B:L 5-7BBL

1,7 T TP 7( )= T --,,3 FCD FF T, Y ~ :E P. "

A~~~. Y. -.C-7:FA.L

IL TBCVIT');ALZ

/ y p 7LOA70 C:7FST I TS PCB..UC DS UAL Ff'
/ 7 7TCT CT A NI r P OF TE L Y 7JV IY P

/A'ALLCSFOFASET UiSPONRIE FR 13CA/ T-

ALLC OFFSFT: PFO-C(A ) PUFLIC; /X' TYPF LCCT l/
TCL A. AP*R;
I2CL (ALLC$FCRM,' ) IYTF;
?A')F=A;
CALL S7ETArrRPT~R4); /* POINTS TI)F VOIlE IYPS F
ALLCS7OP"= 3YTEPTR(O) AND TOFY' ASFY

ALLCtFO'7,m 0>T?~N~ ~ ALLCFO K'YP7:CLF
T H EN

ro;
CALL TYPTtEFBR;
ALLCSCTY=1;
kLCC-kSICTYF=V;

14E



ALL I S7-SPASTSFN(7':

S 7 T k 7-

IA LC'C?=pV'p(- '-I v~?$~ A SL$? K;

rO.: CALL 'TY P ZE?RC0?
ALLCSC-Y=.;

/* -TFF EUISTS Z-IT.HT A FA Z T 7 Z'V Ak -r? :~LT C.

?o A~ BS IC T YPT ;V
Y)CAST's?~:~r~)).\ C~Af~
P'- INTEGFR '

ALLC QTY=2;

A D
'F C ' PE A T/

L LLC 'r'C T Y =

ALOCB ASIC--'Y?=CHSIGc,'Y?'D

A~t

PC;

A L0,C PA S I C TY F=?COLrEPNSm'YP7

N" TiXT

ALLCSC'TY
ALrCBASICTYP =sTBI\-$TYPF;

P"D ~'7 CASE "

R T T IRN~

lI ALLC FOnv=i ,
10: /* SCkLAP F
PLLOCATF=TLRUE;
ALLCSZTY='OU-L(ALL5FC.Ri+ );
A!LCC^RSICT,'YP=OFD-'TYPE; PTUFJ;
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A L Ar

Y r 1 HENA LCLCSCY TCU:,)U n! -F (A LL C:N1

r' ; /* A? A
A LCCkT7=T?17F;

CALL FE?~lP-iP(9
kTILC QT) Y= .DLF??; F?T,-7

/V: A LL r'TTR CAR A LCC T' A.N Arl RE FS FIE::Z

A! CCBAS ICTYI)=CCYPLE':CSTWT;'
ALLCC ',T=:U7

EN' ALLCFFS:';

/'* ALWNXWFFSET - THIS pFFCcB:U?F, IS ZALL7
/*: TO* LTMIVI TEEB 4NPE.R OF' E'US zP:U.R 1
/* I Aj~ k5- T , STOR7 T;--- kRFAY'S CONC\PJ? V/
/P :YALOCT IS AFT Pv!CR TO CALLING T:-'1 ,,/
/* RUT:NE. AM truggsS VARIABLE CcN:PWINIA 7F~

/;. vT7 COUNT 13 lRYTURFI)F. ~

AUNKSOfFFSET: PRoc ACI'rr PUBLIC:

A ,BASF= YPISLOCT;
CALL sLTArr:RPTR(4);
1'C V.ILE (SE&(BYTE?'rE(C,),3 ) AN% FOR -,!.SK) - 7 ANT'

( T YTEPTR(3) ANt Fol~rYASK = :YPFt-W\TBv;
CALL S7T$AST~lN(7);
';ASF=-DDRP?; CALL SFTADDRPT"(4);
TYPFtEOCT = AF

/=: 7 WE F.4VF EITRYBE itCL. S3~~BPC~ C CF.-?

TYPE */
2= SFR(EYTEPT'R(CQJ) AN: FCR~mPSK;
IT' (-"YTFPTF(2) AND FrR .MkS'r) =7PF' EN7?Y-7'

IF E = e CR B=1 TH7N

CAkLL v((IA)

1=2;E



/7 7~%! T ':VN6

:y :;

lF( ?YTF?:R(O) PN%' F ~ ' 0??SL
p( B > z < ~ >1Y' T

CALL ?B('IA')
z=2 ; RETURN rC'UB LE i'

17 'Q=1 Tl 'N
r(o; /-: SCkL AR :YB F

CAL: SEI PA3S'2PN(7);
3FT:URN rr'LiLE(PYTFTvI(2 + 2

AN
/'~S7~AA~PTYPE ~

Ck!L S7TlLDRPTF (ii)
- :UIPN A:ZPPT-:;

I. . . .- . ..:. *4.4 *..ly. . . . . . . . . . . ..X

' ACATESVARIAMF - THIS P7C7E'RZ !5
rM A~pp TO kSSIGN ?BT LOCATICNS FOP -:k,
flF T7F P?OO ?P.N %ARIP7LES............

ALLCCSVAP3 : PROC PULIC;
TEMPl YTE1 = Z
CA.LL ALLCS(7FiSET(TYPE4$L0C:);
MrXP3IYT7 = VAF.?T'0;
P0O VAP$PTR = T"n T~t.PEYTE;

PAS F=VAR$7-ASF (IAR$PR)
C .LL S7TkDLPTF(l);
I F? (-:YTEP:B(. 0) 7) TFEN

RYTETPIC) =(3BrEPTR(e)) C?.(R (~Cs~y '

Au~p~r VAMASE1(VARMPLR)
A.DDFIPTP =ALLOC4-DLR?;

ALLOC ADE? = ALLOC~kDDR 2;

7'LSF DCO;
XYTEPTR(0)=SFL(AL0G2ASIC7YP,7 C? VAFBFNTY;
:F (!YTEPTRV) = 2ZF) ANr (T~mP:YTF1 = Z'TE



rl-7

-11: IV' TF Tv E1) C

A?'TRkA--L A P:. + 5;
ALLC5^ZTY A= '

AlRrPP:3=ATLcCSA.Rr;

A. L L Cc r L RT PL L~~ C;C ALL

kDrL 'T-- =TYFL CT

TEYPPYT71 = 0

xCA S ?T7P7? TS PpCCFZPD IST-nFT
S SET 7 7 1I L 'S APFO?,PZI AT 'Y P.

C A S FTP P7 P : Pl C (A) ? U-LIC
rCL A _ yT;:

CALL SE'T-PASTSN(-3);
fAS7S:OC(S?) =- Al*lE?:?; /T A. OF ':FPNT

/*'- CASE 1 IN;T---i? V~A.R:A W
PTRPTR 09E;
/* "'ASE 2 CHAF VARIABLF:::
PTRPT.7R On

/r A5r 3 REAL V5ARIALE 1
PTPP'TB OAE;

SCASE 4 COMPLEX VARIA?LF ~
/o * ARP-9FAG.UE FN YPES ~

T -tP4DD = ' SF p: STOR VAP 1L S TL LOC A2.-TC, /
CALL SETSPASTt?N(c--);

A rrPT?,;
!7 AL L S FT A 1;?TE(4)
IF ?YT FPTPI2 - 17F"I H~E N / X A R nA V,

A?TPALDR APTRAER + 6;
T~tMBY'.Fi =Y77()

FL~r IF (3!TTEPT?(0) UND 0FE) = FF TFE2 /* UBN.
TYFS ~



7LSE IF BYT.EplPZ 7 k T
rC c ; U SE D 77 1N F -TYP ?'c

CATLL SZT :A.STSF%(7);
lASrt AED.EPTP;
CALLsEA*?T()
I? PYTEPTR(O) Q> 2? TFEN cA:L EYe?('NS'3;
/ THIS is A SET ITYPE -

CALLI, 2DRT()
PAS- T CCP) = AL?.PTR; / AR~? CF DAFPN: '

E LS7 IF PYTEPTr(O) = 3?H TH'EA
Elo; /* POINTER ./

CALL S7-1AEDPTR(:.);
PASF LOC(SP) -7TRPT?; /* AL:R 017 pDAP-N:

ELSE3 TFIN2BYTF1 =CH

1-0 CASE LMPBYTF'I;
-l' OFw;

P'l?PTP V9H

PTPPTR PCHE;

?TPTR -C

7ASt' - TFIPADDP. /* RF3S- OE OFBP;AL zA SE- LCCPTLCCI

ENE;
P' CASE _5 '9LEAl VAiR2LE F
PTP?TD OH

TN'; O F VARIP"LE CASE 4

F31) CASSE PTPPTR;

/* STT$VAFIkL7$ IYPT THIS ?RrCFDUVET IS ClALLEL r/
7()T SET TTIF VARIA2LE TYPF. VAPIATILE SIGN,ANL r

/* ArERESS OF TEE FIS IC TYPEF ClTEN. m j- A~lRES:' /

/*. VkP.IA. LT 'LOOXU?$ADDP' IS S7-T ?DIOR TL TH' 41/
/* CALL. ~

SFT$V7kR$TYE: PBOC ?U3LIC;
SE T,T Y P N t1.()C : P P 0C( A ,B,CfC
rCL (A, E, C) BYTE;

CALL SETL$PAST$PN(P);
IF ( B= 34,H) np, (D =05T O ,p (= z) n? (j 1Pu TFN
D3TADLR(SF) = APTAL?

ELS-- PFTADDc(S?) = ADDP.PTP;
TYPFtSTACK(SP) = (n OR P.OL(C, 7));

ENEi SFT TYPtN LCC.
DAST = LOOKUF$ADrR;
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/ OC'STANT F!,TV P:
c :

5 !!!, S A LU = POS;
:n ASE (S:'MR(YTFpP-(3),3) A>;r ~H

FPIDr OUT W*FAT 'Kir'D CF CON STANT I T IF
1110 WHI 1, ( S HF( 3YTEPTR('. AAk~ D~ -7

IvF (S~lR(?YVTPTRi0,5) ANr 011H) 01 :F,'
IF SIC-NtVALU THEN cIrN5VA!U N TECr
7 LS--SF sI TN sV A L r = Pocs;

CALL SF:PDZDPTR(6);
I F N C T L C K7 'lA TR-

CALL ?c('C)

ENrJD;
CALL SF:AD:BFPTR(4L); 7YT1"
IF (2YT.PTR(e) AND FC?vYASK' C', SE'~ TF
Dc;

CALL FP.OW(IC');
RE TURN;

END;

/* INTEC-E? ()71 F. C~3iN
IV ikS7 < .MA~rCY T771 ~B~'Al~

CALL SET TY? N$LOC(9,4-".POS;

CkLL SET-$TYPSA LC- (7,t-,.I~~U
I' PAL cnNSTAN: T

CALL STTPNLC(,i~I-IVL)
/~STPIAG COISTAIJT

CALL S-F'lTY? N$LnC(7,.7F.3);
i!:;/~0O CASE

/4' TYPE ENTRY /

/~VA0IA BE EN~TRY '

IF SHR(FORVSFIFLL(S?),7) THEN VARFAP. I',F
PTPPTR = ( SEP(?OP.$I ELL (SP ) .3 ANJB P'vsK ) ;
EASF LOC(SP) = BASF; /'- SYYPOL TAVLF ILOCATITIN nF

VARIMILE -'/
('kLL CSPT(TPR
CALL sET$TYPtN5LoC(7,PTPP:'R.3);

ElND;
/* ' PPOCFDURF ENTRY ~

; / ' O SUC:E THING iYISTS IN PASCAL Xl/
/:* FIJCTICN ENITRY *
DO;

IF FOPMA$FIFIfl(S?) = !:ILTWItF[7NC TE:7t /" TTIL7 IA
FUNCTICN 4:1
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'r ny L >\ 4 u-I

D:

PAVN um( F:?) =- ,--- (
PA?VIIU-hiLCC(SP) =k?TP&=7 1

CALL SET--PkSTSPA(16);
CALL C AS 7P T RP T R I S H PY:'I77P: I A: C~S;
'ALL S E 7 T? NSL RPT

PAP'YNUM(sp)=
CALL SET PAST?'itr);

?.UMVTMOC(SP)
CALL SE-tPASTP!14);

LAB, I -C. SP) = AZERPT",;
-7 %1 D:
IF 70v-- <" 1&2 THEN READPRrS I'7
1*CF?'S, 'EI1S %W"I LL BE A FUTN C .' A S S~c~

?A MN'j LoC(S?-+2) = PAFMNU-1C(.3p)

/* FTLF F.'TFY r

P" SCALA?: ENTPY ~
Do;

CALL SFTtTYP N 10(7t',1lH,');
RIR= APT?ADlRP + 1;

E: /* OF CASE *
7END SrTSVABtTYPE;

/* LOk.DSV&Pl - TEIS PROCFDURE GrN!RATYS -77 -
/* INTERMEFDIkTE COrF TO LOAD THY NEXT VARIA"LF ~
/* ON TFP EXECUTICN STACK OF TY7 OBJECT FILE *

LOADtVAPI: ?ROC(PT) PU-LIC;
rCL "T BYT?; /* PT RPRESENTS A STACK( PO~INTFF'~
FxptSTACK: PPOC

DCL A ?Y"E;
rr~ CASE (TYPESSTACK(PT) *AND £PFF;

A = OPD$MIYPF;
A = OP.D$-TYPF;



A 1 - 2Y

A' s i. Sc Ex pON;

BooFSTYP;
FM;P. OF PTCRSY

FN: EXP STACK;
lr'AE': 7-11C(A. 2, C);

DCL (A, Bf C) BYTTE;
/'* CU'0 IF LSAriN ': A F7TJCTION VATTI-4'
IF r,( RlSFIELr (PT) ANI r 7 r <> F 1,C S 'Y H F

CAL.L GE~.?FA'F(A);
CALL' C-NPATV( );
1'7 S7R(TYPE$STACK(PT), 6) T'ETN ' Af"CSSIr AP-RAY

:AL.L G-F E'OAT F(S TB)
ELSE-cv CALL GE, FRATE ( C
1 v A = L 1)11 T 7 ZA /':' LOCA r ~S- C? BCL T- r
r~ TR 0TR = -'- To0 (F CD NtmU0/ 2)

APP A DDR i = k T" EP - 2;
CALL T rNFATkr(2YT FPTR(0
CALL C-E? 7ATE ( I C- A r 1':;

1I7 StP ( POP M F IELD (PT,7 ) 7t.11 FlP 7A p TA ' L7
PA-.MA YTTF?

Ck L.L G7' FFTE (LOD I)

ELSE CALLCNRPLLTC t P ;
CALL T-XPSSTc;

ENn LO.D;
IV R"EAPSTvT TEE?! RETuRN:- 1* C',NO Tr) REAL THIS VALUEH~
IF RF-ADAP. SLTHFN
DO: /*' PFAtING A SUPPOUTINE'S PADAtM?-TFFS '

IF (TOKEN (0 12) AN, (TOKCEN (0 E) TFFN RiALPPRYIS

/ ' "qIS MEANS THIS PARAMETFP IS AN~ FYePFSSICN TFkT
VUST PE

F.kLJiTED. AFTFR :E'AlUkTICN, REkDAkRv V-ITL SET

FrSE rn;
CALL kS9I'N$PA.RrS;
CAIL FTP STACK;

END;
/* IF LOADINC A FUNCTION VkLTJZ, GO TO THE CASE STATFrENT

IV (7FE FIELD(vP) AND ?F.'") 0 VTC4FrNr'RY TH-i

A&4



Y~AY P t R '

CALTLIr C!?A 7F(-I7A); P: CnINC T 0 1 PA A 7 a II
ZLSr ATAL C T~AD?~ n~ cC: CLAD A

70 CkSr- (TYPF$STACT,?:) Al: 07'7); 0;~/,' CT) V k-- I AQT 7

/*l*/ /'* ORD CONSTANT 4

INT'EO F CONSTANT */in

CA 1.L Lo0A r (L rII1 , YT E PT R( C- H 'A:L7?TlD
7' TYPY$STACKiT ( PTF TH7 CALL iFF( N 71T

FNL; /*6/ DO; /* CD CO)NSTANT /
CALL TOArLIYT?),IC(U:9;
IVTT YPSSACK(PT) T HC TF N C ALL 7 'It'A ?N 7S

tkD;, /*?--c/ rO; /4 qTRINCm cnN S T ANV
CALL CENFRAT(LSI): -
TF'P BY TF ?Y YTP7P (0) /' L Y'l TT- CY S TRIN; ~
DO PTPTR 3 TO ?Y'.

CALL GEN ZRkTF( APR.I; r ~-- +DRT
FN D;

vND; /*E*/ /* ?POOLFAN VAPIA LE -%
CALL "T~wPTR~2~IET~P',or);

CALL CI

CALLLADLwpTP (? ,E( :L pT)L: ;
/CAP.ACTER VARIABLF E
CALL LcAt(;cW(??TArDR(PTN),7lC?(?R-.Ar:B'PT)),LOIfl;

FID; /* OF CASE ~
T14 LOADtVAPI;

/* ASSIGN$ARI - TEIS PPOCFDURE rN-EP.'AiFS TE X4/
/* P!TFRMFTIATE COrE TO LOAD TEE LEFT Slrt' OF 4
/* AN kSSIm4M7NT STAT7tV.NT ON TaF FXFCt1TIOC N
/* STACT AND STORES A 3FSULT AT --AT LOCATION. ~

AkSST'NSVAkI: ?POC(LS, STOlRFtTTP7) PU3LIf;
rCL LS ?PYTE; /* LS IS THE LEFT SIDE OF ASSY'T STIT 4
r.CL (A. 5, STOREtTY.PT) 17TT: /* cSTORET$TYP7 INrICAE7S

TO DFLFTF OR LFAV? TFE Cr"RRFIT VALUE AT TPF TOP 03 TF-
STACK */

TV (TYPF$STAC ( TS ) AND 40H) = 40E TEEVN
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TYPE TA' L ;IC" C IT

FFLSE CALL rE.A:rR(LITA.??:.--AlRtLS');
IF S7 iFO?'AtFIELn(LS),7) TEEFN /* C.' FC?4 l:Az.P M

CALL GENEBATE(LODI)
7 CASE EXDRESSSSTK(SP);
/* CASE7 3 - ORE TYPE '*/

IF (TYPESSTACK(LS) 0> 11H) ANr (TvP--e-_VlACK/-':< lE
T F k'!

CALL EREVT)
ELSE A = 2;
/* CASE 1 - I~j"TF77? TyPE F
IF -YPEcTACK(IS) JP uk

A = 1;
FLSF DO;

IF TYPEtSTACK(LS) .JAH T77-1

CALL (GENFATF(CNAI )
A

rLSF CALL FPPC (VA'');
END ;
/~CASE 2 - CFAR$TYPE *

IF TY?7$STACK(IS) -H7N EEI
A =2

ELSE CALL ER)P( 'AT)
/~ * AS7 3 - REAL TYP- ;A1
IF TYPEtSTACK(LS) = JAE TEEN

A. = 0 *
EL.S7 CALL FR(r('A-');
/* CASE 4 -S7R'P.. TY-PE
A = 2;
/' CkSE 5 -BrsCLFAN TYPE i
IF TYPErtSTACK(LS) = OEH T:!EN

A = 2;
7LSE? C ALL rRR(R ('A.T'

END; /* OF CASE */
TF S7 ORE$TYPE TEEN A =!+3

nDO c-sF k.;
P= STDB;
B= STrT;

S T DT';
s STO?;

B = STOI;
I = STO;

ENE; /g: OF CASE *
CALL C-ENERATE(B);

Flr ASIGI7ARI;
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V~ vA t A -,S r) N 7 77 FX C U:T:N 3 2 K >
r~ FR P, 0?T7 Y?.

-YTF ?UB:IC;

IF ps~s(ERss:) s 0 X STC'))

TT'N ?FTJRN TRUE;
I xopP~ss$.q::(,Fr) = i7 EN

IF EXPDESS S F(M?) =3F T:

"ALL 11ERk' 7-( CIVI) /* CN"FR T TNT T ' ?Cl

RET TlB 1 TRt71;
rN I
FLS7 RFT!JRN FALSF;

B ri *.
I ? F XP R7S S $-S TK ( SP)' =3 F TE N

I F _7XD TISS$STK(M?) = IH TH"FN
DC;

CALL rNFHATr_(CN21); Pc' CONVERT SE-CI'JD TNT TO 9C! ~
FXPREFs ST:V('P)=
RFTT'RNJ TRUE:

ELSE RETU? TlR IAT SE;

IY' FXPESSSTIP) K>H~ T21

R 7 T'JTN FALSE;-
nsF rr';

IF 3ASf$L0C(SD)=' ASEF$L0C(M'?) T N
P ETU RN T RUT;

ENI
'END ;
FFTURN FALSE;

END CHKtYXPR$TYPE;

/ * ** **~*****~****~*~******

COPYtSTACKS - T91S PR0CFDUPF tlULICATFS c
STkCK VALUES STORED AT ONr POINTER LOCATION*
AT ANOTFFR sPECIFIED POINTER LOCATION.

C0Y$ST4kCKS: POC(A, 1) ?U3LIC;
MC (P., 1) rYT.E;

TYPFtSTACK(A) = "MYPBSTACK(B):
PP T0DD?(k) = PPT A fLEO);
F7PRESStSTY(A) EXPESS STK(7);
FORMP$I7LD(A) =FO'Rml-FIVLE(E);

q&SW$LOC(k) = 3ASEtLC(3);
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I! D CC PY sT~vs;

'l-NA'r amr TT A T S PR CC rTU?7 4
-7 N n 4 -S C 0. T- nD "Vi '?'IT

* 7'NCTION

Ir Cv-FPTq.(?) = 177) C? (BYTF.1'.= T7) :77%;
CALL C')?Y STACKSI ' mr, SP-i);

AOTFAnZ? APTFAD? - 1;
CkCSE EYTEPTR()
CALL GcMNEATEF(A3S);
CA17l GEr4FRA'Sc?);
C klL mr74P AT'T( SI N);
CALL GFNE?.ATE(COS);
CA LL CGE NRA T 7' A C T N

CALL c.ENBIA7:E(LN);
c ALL r;F -?A TE(Cs

CALL GT-'NEDATE-,'-(LN'/;
CALL JRTIT"J)
CALL l -T RA T E I (" ,IN C)

CALL rG-IE%?A:ECRE';
"ALL "17.TECE)
CALL r'Jl RAT ES U C C
CALL rTNFAT-E(FR2:)!

/* WRITFSS'PING THIS ?FCC-DTT?? W'?I'FS
P! A STRIPNG TO TEIF INTFRMEL. CnLE /

ECL NUMIB SYTE;
CkLL GrNA.Tr(WFCS);
CALL G-FNFRATF(NLI-?);

ENLr w,.?ITFSSTRINqC;

/* W'?ITESVAipABE - nFIS ??oCCTPTr?? WILL *
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T~: k TA:AL :l r 7 11r)7.:

DICL NJU", _ YTT-; /* 1J-:r ',-CT 1-YT7 rADVS/
T V NOT REA-PARS TUF\

/* CED TYPE ~
CALL "rNFRAT7()?T);
HIUTECER TYPE r/

CALL ;'MFtRA (WRiTI);
/* C:A) TYPF ~
CALL CEA~~RI)
/* RT4.L TY?r''~
CALL PCCN7ERATF('ATB);

Dc;
CAllu WIlF STRINGi(NU~', ;
R FT RN;

F-'1 D;
H B)OLYAN TYPE r

CALL CTNERATT(WTI);

CALL G7NERiATF(NUV7);

/* PEADSVAIk3LE - THIS PZRCC-.PU. C7R 7RA:ES ,,

/* T77 INTF?!ErIATE CEF To FTA. A AA/
HFRONM :F CO,"S01ri.

PIZOC PIUPL I C
IF (7TYPFtST-ACTC(Sr) < 097) CP (TYP~StAC:{(S?) 2 :TrFN
C 4LL TPFRCRPVIP');

ELSFEmL CASE (TYPEtSTAC' (SP) - 9); lO;;'CASI I 1TTGTD.'
CALL ST',NE?.ATF(RDVI): CALL G 1 $AD:r 'TLI:Ai.PRTArLR(SP); CAll

r N'Pk"(STDI); ?-ND:/HCASE ITG?/DC;/',:'ASF PCF4-% CALL
GFiNEnATF(PDV3)0; CALL C?~DP(IAPTrs);CALL
CF4FJE)A-r(STrf ): END:/*CfiSF BrA/ rr;/*CASE iYTE-:-' CP-L

§1ERAT~(?D~TI CALL ~JAD(IaPDBs):CL
GEN17ATE(STID); END;/XCAs-F FYTE'*/

FND* /* rASF ( ."PEtSTAC7'SP) -9' *

F~'J ?rADtVAR',

~$I PPCCEDURF - THIS PROC~r'RFB IS CALLEE
UPTJON 'RECOrNITIfnK OF A ?TTITT-IN P?OCFELTRF

?* STOCFTN''. *RC

..............g
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:n 2AS t ~ ~ ~ l t 17D);- -s r -

c L Lc 'A(? 7s):'

CALL C- EN R A 1~F,)
ki r F c A F,- (E IVT?- '')

r JS~ 7rC A S r (3V - r TP () - ? 2 771A~kL ~'3C

ALS;
VFAD SmTM7 = FALSF;

HAESTT = FALSE;

CALL ',;EPT'Dr H )

FrlD: /-: OF C-S' BTF:(2 22N '

FqD " SI PPOCFPUF;

* ~?rA9$LT1(S - FIS ?ROCBUT *VC

LO -4A u 4 '

DECDCvP TE 3Y T MNF x-p CTT?

:0.r Wi-IL- S'QTELSC'nPF > C(SC('?B$NV
'11SF = SBTLLSCCPE;

CkLL SThDDRPP(4:);
IF '((YTFTR(3?) ANP F('?rVMAS1' 77* TF
ro;

CALL SFTADLRPTR(2);
SPTPLSCf'piE, MASV AL'EPi'l;

TLSF DO;
CALL SFTALL??T?(5);
SYVFASH = B-PR N
C ALL S7TA1)Dv P? ( t?
7ASFTA3 LF(SY 'RASII) rPl

S~Y~SCO?, S ADDR~PT;

S"T11SCOPE = SCE(SCCFF--Nuv-1)
FNDu 74FAKLINKS;



I N~r t,- -

SCOPF#?1A C. ?C.C ?~c 7 TN

L'~Ft3T~i TE ~Y'3L$L 7

s c R

CS'~7? 7'Q(A ?7UBLIC;7t

CALL~~ ~ ~~ irv?. p ? C~pYYrL'

rT NCC ???ST T - - iT

SYVAIL LIMI'rs(

~.PA 7 ?-s~

CP AT ~ 7P RAT ( ? 'E:

CLL

i- iT P~SF'i TEF



Ea$EY TES -TMIS P?-OE:UB.F '3 U
T"7i~~ C7 YE ASSCCIA'TE WTE->l --

I 'Z A V 7 t- S V'r 77t Sy ~ -- C -" 7- S

1 TY 7 PV SA.? 1?VTIN I

77. .v f T VA r

tO 1=l '3 NUMSCFclDAvaS;
CA LL STSPA S:S5P"C(P;
PP'?:?A-t?=A:ER?:? +((-Y ;

I F .Y7???:?(v=1? TEH
ALLC SZTV=B;

T'?'ITAL=7_ '?VAL + ALLC5CTBY

D~ CCU1S kRA4S 3Y TT7S

ccNACN:;?J;SI:F -THIS PPflCEYJ?? :3 1S3?7r'

~?' OA IrC3NNLT

GTM~?iSTIRSE: Dc ALr:?; GALL SE?"PSAS-VP l';
ByTT( = 1? TI?7

FYTV 2r 'ELS

I F ?Y-t'( ~ 1- ''
IP r;. C?:

E LSE

P04F0Y8?YTESIZF -T713 ?RCCF.rT7"l ?B7-TUF'iS -H7 NT? C?
YTSAlLrflA:EL IN Cr? RT FOR A PRO- * 0EUE~ ?'CO

TrCL& PATIOJl. T7 I L AT 4 Is ~ CLU Tr r C .LLvmT?
'AP IN IC BNTn7Y A S A VEr ~PFAn3A.

?t)CSVC~jfl VTr7S T77: F71C &ED? C ALL S7TX?? 7k2; 1?p
? YTEMT) = 2? HE

I16,2



J-- T' t 7 .

A Z: T~: TA ~ nC' 7C U RS 1'7 C TL~

171 S T E-UN~ ALI,

I A S TSS T. SU I

I q C,, T ~ ~(S - )

CAL:, S--7$PASTSPF1 (12);
A27D:T)7L = ALL(OC A:A LB; /: S2? P

C AL cBSA:LF'LrTT T-7NA:~
7 A LL 5 V -S 7 '

'DY- 7L r) TN z :r,. rB -C U TT

CAL L 57TT$?ASTSPN(1?);

CALL ~~?A~sv)

.41-~; -V -FSA

I)SkND'LCrO' - tJPC.l BFCC'lTIC'l CF A
~ TJ 0 U T N ' F F AD ! G A 7P' C7,L:0 C
D ISC;B isC TLV: TO rjpc~ _7 l" RA7 11T

fCC- FCF U'kISVIINC TFT Sr~OUTT
* ?~A~~SIN TrE EVPNT RF ?CUS3IVF CALL? .

'Z7A r 1S BL 7: PPOC FILIC;
1ASE = PA')NUMLOC(rp);
CALL SET$?ASTlSPN(17);,
CAkL L 9-N~kDDF(LT"A,,ADDF.PTB):
CALL S FT 4PA S T PV( 10) ;
CALL CF-N$Arrn(TA,PML,?TR);
C A LL N? TE 7F( U NSP );

16~3



'rT Z iL

ILL "1 1- Qa T7?
C AL T SF: ?AS$Fl 1,j

CALI "-lr(

CALL S F- t .s- rI) 2';

F-" R' RIrsS 3TE ROU T IN - I' 2E' 7 -4 7 F A
~O?'~T? ~?I:D 3U3CU.4F, TT-- ALLCXE

SACFS IN 7u7 PD' -~ T~Fr n1T:1N7F A N

' JLL ' F PrA.LiCCA'T7D CTT3 O.V
(Z T Z )T TTNJ3 r F TI N 1TO".\

'! SS 7-P TN ?T)Ork ?txLIC;
= sclp??4vu~ -

A7?TRArr? = PARAYNlUMLCC -3

* .~M'TS-TESP')Cr-- IS I T 7

GN' ANT'hL A SU3pC)LTTPj'jS P7?A:-TFTS kJ

* ~~ 0'7V ?CNIZ \ ? IN '~ N T 3
STAPLB. 77 NUV- F? CF ?P.AM'--777 A.N 7 1 R.

A ~sSOC IkTFD TYFF kP-- TH:-N STOPPED Il TE

CT t AF.A VS : PP InC P U 9L I C
APT?ArPD? = PA?AVNU,"LOC;
"IvTrPTP(V) = PAF.AMNUM;

TALL F:~~TP

*S SET t r)DT Y F - T FI S P FI 7 D 7 RF IS CA 1LLE r 40
* LOAD TFF TYPE Cr opFATOR LUS7D IN 0N FX-
*PPFSSITON .

SrS~TC~ptTTF: P'ROC(.k) PT- "LIC:

LCL A ?YTEV;

1 C-4



SCALL- A PPOCFILFF -71S ' OC7PUI7 is A 1, r
STO INPA NE1TlFPr-EPAT-' corE' uPC'4
X' vM-r!\G A SUB;.POU-TF. -T-o ' ~TT?7 f

RECVFTI __REPr IS ATSrl C77T7

C A L LA POC : P")0C ( A PUB-L I;
rT A 1-YT7': /':- TPU'-F ni FALSE
PrADPk2MS FALSF;
IF A T-7?N/ THE SUQROUTINE' FAS PA?_ _ TEPS ~

IF PARMYiIT (yp) 0 PARVN'-7M( S?-1 T'?TE'Jl
CALL FR?0R'PN2,;

IT SFT (FORX$FIFLD(! ),3Z) TTIN

IF FO .' .VFIEL(Wp) = OE T77,1N
CALL mr~SULTIN;

ELST CALL I'WPDC-UPE;

7ET.SE DiC.;
IF 'FP~tIFLD(YP) = 7rTjN~F-Y TFT.J

CALL LCALr IAPI(M?';l
7LS7 DO';

CALL 'UT\ADP(P?,L.BELSTPC'r( P~)
CALL GEN FRA-TE(DEL);

END ;
EFN-1 CALL .ASPROC;

*GOTSFUNCTION$TYPF - TEIS PRCCEEU?F 7ENTEPS
T7F TYPE- OP TEE- FUNCTIONJ INTO THYF SYM39CL

*TABLE AND ALLOCATES A POSITION IN TFF PPT
*FOR TVE FUNCTION VALUE TO~ BY STOREr IN.

GOT#FUNC TYPF: PROC ?UPLIC;
BASE=PARN'NUmLOC(rP);
CALL SFT$PAST$PN(16);
BYTEPTP(Z)=SHL(ALOCBASICTYP,3) nP VARtENTRY;
CALL SEm$?ASTtPN(le);
ALLOC$ADDR = ADDPPTR;
ALLOC$ADDR = ALLOCtADLR + ALLC GTY;

END C-T$f-UNCtTTPE;
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ENI'PROA - T -iI S R ~C,' E "R~ I7 cA:E E
" ~COGN ITI101 C.F TE7E F CF I.?CJ~ T -

P'DI.TS OUT TIR FROP. COUNT. C LoS5E S
1. 1NE~EIT IE WRITES T-ES~c ~L
FILr, A.1D I3FGPrvS TRF P&A'F ?FCaRAtl-,

FlD$FOGRAM: PROC PULIC;
CALL PPINT FRROF;
CALL DRINTCEARC )
CkLL CRL?;
IF NflT (7RPOPCOUTNT > 0) TWEN
io;

CkLL Gv-NSADDR(kLL,ALLCADDR);
CALL GENFRATE(ENDP);

E~'1f;
CALL W 1 'IT$INT FILF;
CALL rOVFtSTBL;
CALL CLOSF INT$FIL*:
CkLL PFIIT(.(' CCrMPILAiIO. COt?L7TF.S ')
CALL tION3;

711Z FNDSPROCRAMA;

~ARRAYtECLARE - THIS PPOCEEIJF 'FT--RYITS
;1 kID STCRF'S SY ;3CIL'43LF Ir.'UO ON ARRIYS. -

*THIS PROC-EURE rAILS TO vAKB~Bo
TI ARALLE P AR SE zT A K S.

A'PAY DFCLAPF: PROC PtU?-LIC;
DCL I BYTE;
I F kPFYtPT. = -1 THEA~ ARY5FTP;
CALL FNT~tCPLXtTYP(17PF);

ARPYSRA SFBASF;
CP.LL L~A-.(N~AR$ll(PYPP-4+)
CALL SE-ALLRPTF(5); /*NUMER OF PImP'SICNS"/
3Y-TFPT? ( i)=NIUr'$ARRY$DIr.(APpy-YTB);*

CALL SFTA'ADDRPTF(e); /*ADDRFSS OF COM~PONFNT TYP-r/
ALDR$PTR=TYPE$LC'ICT;
CALL ALLC5OFFSF"v(TYPEtLoCT)';
?ASE=AFRY$FASF;
CALL SFTADrR?(8); &*TOTAL STOR.ArF r '~ cADDPPTP=AkpEY5CTY(k~RRY$PTR ) ALLU'C'i'y;
CALL SFTADRPT(I1z); /Y-COrMPONNT TYP;F;c/
BETRq(n) =AL0CASICTYP;

THE FOLLI~WING COr? CALCULATFS TRY OFFSET A'jD TIS-

FLACVIENT VECTORS FCR EACH ARFAY DTCLADAMT.1N fiS
FOLLOWS:



L(I) LEF ?C)UN I-AA
V r-7v'r- FOCR T 7S A?RAY

FOP I E= i CW q ,C 1
IFI=N THEN D1 1 IIS

V =V -(L(I)*D T))

ARRY$('rFFSET V; /,:ThiIT FOR 7~~rIIh
SU'lR$FOR,- NtY$kRPY DIX(APRY$??)P ' ;

PRPYSOFFSE -

rISP VEc(SUBRtFoR-) ):
S U;l$FOY- STP?RSFO'. - ;

Do liILE SU13R FORMl > 0;
DISP,-VEC(SC.ER$FOprM)=

(4FPY$DIM$LOIVAL, R SU3R"?C Y ?1 -

rlISP VEC(SUBR5FCRv +1);
APPFY$OrFS:E:T

AiRY OFFSET -
(.ARY$1)1 5 TcOWVAL (ARyS nvSADnSpr:? USC)
D IS P$ V FC ( Sj -R $ F ) ;

SUFRtFORK = SUB';ReFCR" 1

CATLL SF;TAD7RPTv(ll); /QFE~
AILRPTR = ARiYYnFFSZ * ALLcMCTY;
C&LL SYTADLR?TF(11); /*ADD51SS C?DI'ES1Ni

DO I=1 TO Nu~ARYtDIMI'(AHR-,YPTR);

rIM'N*/APTRADDR = APTRADDR +2; /*:DISP VFCTC0 --CF THIS

ALLRPT'R = rISP$VEC(I) 11ALLC$ZOTY;
APTPADDR AFTRADDF + 2; IS F T- T:P F CR *XTDr I~:;
END;

"YnEtLOCT=EASE;
SlTB-L=S BTBL+( (N U '$ kEY$D Im'(APR Y$PT R)~)+~
ARRY PTr,=ARRY ?TR-1;

END ARAYsrECLARE;

FINLSRELOP - TFIS ?Roc~ruRE r7TERrMINES
* 'CAT MYJEtMONIC SEOULD 3E G7N7?ATFL -NE, Aly
*RILATICNAL OPERATOR.
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A __

A N=
A

A LSS I
A = C ?'2

IF FXP? SS -ST;(SP) <> ORD$? YiE_ T E -N CALL C('W
ELS.E A =x IN;

ENrl; ;- rAF7 (TTE STACK(M'PP1)-S
~CCASEj 'XPPFSS$STK(SP);

TF ( A = L S S CR (A = 0 R TI ) T H N '7AL oCF~
rLSV IF k 0> XIN THEN A.4 i)

/INTvG!'R TYPE '
/ NC 'nEFSErT RE."IRFr~
--A R? TYPE ~

V)~ 0' OF YEtT P F'~U I R -- D
R* EAL TYPE 4

/ STFII TYPE '
A 4- 1A

;' CCLEkN Tf'P" -
/ No~ OFFSET BFCOUIFD I

END: /O F CASE FXPTESSSSTK(S? '
CkLL ,rNrRPT--(A):
ExKpZ S 3 S S VP) =BOoLEANt:YPE-;

ELFI.NrSFEL'P;

F71fl SYNT71;



S AC I -() :T( r 'Sv'Th 1-: 'DR rlC- I C I C AS -:7~q:

LECLPE 1LIT L1:ERALTY 'LITE}9ALLY', EXT. LI: 'EX-70Al'
DL TIT 'DFCLPPEW,

'DCS LIT '(',
A FG LIT ''
PpnC LIT '?CDR'
TRUF LIT '1'
ADDP. LIT 'ADERFSS',
FAISI LIT '0',
FeREITRE LIT 'WHILE TKEF'
STNLTFSIZF LIT 'ADDPFSS',

UJILT$IN5PROC LIT 'OCH',
CONSSS7TR TYFE TIT ,
CCNS$NU7M$TY?F LT-'
CONS$IrTFNT$TYPF L 1,2 'l'
CONSSiENTtTYPE LIT '2'; ICL
ID7NTSIZT LI'32', /~ XIDN-TF'LE SIZE 1 '
VARCSIZE LIT 1'/ SIZF O1 VAJC STACK*/
rs:-ACKSIZE LIT '4E C, q' 17Z r F ?ASB STfl Z _ /
FASFT3LSIZ /IT 07~'/' SIC CT SE>A3L--
F C 1s I : IIT 'E', /A* PYTES TJS'L TO?-0-1 PC7 VAIJTS FS
IAXSNEST LI: T,/ MAXLEVEL 0O7 NESTS FCOB

T: RY ti--S T IT ' M tA X AFSTING LF77-L T lCF -?Y

"AX$ARRY5L-IM LIT '5' - AX APRY Y N S ICNS

/* FOR!M FNTPIES ' /

LAI-L$ENTRY !IT ''
CONS$FN.TBY LI '1'
TYPEtENTRY LIT '2',
VARSENTRY LIT 23 ',
PRCC$ENTRY LIT'4

FUNCt'FNTRY LIT ''
FILFtENTRY LIT '6'.
TYPFtDCLE LIT '7',

/* NUM'BFR TYPES */
ORr4TYE LIT '0'
I'JT!l~yR$TYPF LIT '1',
UNSIG~tEXPON LIT '3',
STRINC$.TYPZ LIT '4',
8OCLFAN$TYF LIT '5';

/* MANY OF THE FOLLrV ING VARIABLPS CAN E REPLACTZ --Y AKIN-
USE OF TAFF PARALLEL PARSE ST!.CKS */

DCL NtrtU $L .TS(2-r) kDLE, AP.Y$DIM$LOWI AL(25) ADD?
PUPLICt ARRY$rI1'tHlVAL(25) ArDR PUmLIC, TF7-PtBASF A!DE?,
EXPt$CTR BYTE, EXP$CTlRl EYTE, DISP$VEC(2t) ArrR PUILIC,



A?RvY$C?FST- kDD?. ilLIC,
SIGNTYPF :F r lx:,
lVFC;TR EYTE7 FXT,
TYPENLY BYTE EXT.,
CONSTl$PTBL BYTE XT
STARTHOS Arl:?,/"AlIR OF ??R. TO TCP C' P:CS"
TYPEFhkDD? ADE? EXT.
_yp-,LO)CT A L-R EXT,
VAR$PTR BYT EXT,
VAP$PARtPTF B YTF EXT,
ALrOC?ASICTYP mYTT EXT.
ARRv'-'QT(MAX$A.4i,,IM) ArrR EXT.
"AR47BkSV(1P) kDD? EXT,
ALLCnQTY Arrp EXT,
TY?$CRL <N T' Y E EXT.

FkpENT$TYPH ADDR EXT,
CONSTINDX EYT- FXi',
tOKt?$ArLR AELR EXT,
'CCNST5?N$PT. BYTE EXT,
ARRYtPTR BYTE EXT,
AFRY$DIr~?TR BYTE EXT,
?TRPTE '3YT7 EXT,
TAG$FD(MAX$NiST'l BfTE 7-XT
VA?.SCAS$TP(,vAX$NEST), AELR EXT.

?Ec, NST BYTE EXT,
RECORD$PTi BYTE EX'.
?EC~ADDR(1V) ADDR ET
LvECzPARtADP( AXS'NES.) ADZDR FXT,
VARIANTtARTIMAXhEST) BYTF EXT.
VXD$FST',Sr(lAX<NEST) .A-"DD EXT.
VAPtOYST BSE(,mAXtNEST) AEr ;XT,
CURe$CFST(M"AX$NEST) ADLR FXT,

ADRYtDIMiFN(25) ADRr ExT.,
ARY$DM'SAErf$DT'. BYTE EXT,

/4- CASE STATEFrNT VAPIA3LES ~
CASEtSTK(12) BYTE EXT,/*' N'JMBR OF 5'T .TS TN CU FFNT,

CASE */
CASE$COUNT B3YTF EXT: /* TTVEL O0' CASE- ST"TS ~

P~ GLOBAL VAPIABLES */ DCL BCDNTJ(BDSIE) BYTY EXT.
SCOE(10) AMt IEXT,
S COPY $N U~ BYTE H, T
T.-EMPBYTF BYTET EXT,
?Rort1CTICN BYTE EXT,
PPVtSB3TtENT?Y ADDR FXT:,

P. COV'?ILEP TOGGLES */ DCL
LIST$PROD PYTE FXT,
DIFTUG LN BYTE EXT.

/* COUNTERS *
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/~~~L r "NC- USE UI CC§X-

?1As:r : v 7 - A >2S:7r

?VAESAr- 3YT- -X ' ALP~~ r~I~

PSET vY17 EX T F~ T1VFE SS IM C,,T~

1*--r/ T"L'FA IAIBE SJ? BY) C~ S 7 S C C

C'( FSEN TST 7YT  A:,~E1SCTE

/~~~ "-LFA ViALE JE I& SPBC YAL TO>?(Z 7 IZ

'q T LT IN $ TRL( 10) BY'~ - E-XT.
PAS' A.DR FXT,/": BASE Lr'ZAITO, iFB
SBTFL k!Di F77,/" CURREN? TP OF TAECL TABL

?TPADI'? k-LD? FXT C- UIL TTY Vt11 A CCIISS77 , :

B' B -kc7r PFr/TL ' p

TET?~~~~~~ T~~ AP1AD ? m ,1CUEN

??I~T~V'' U'T C,:/ 2~ C''3T L CTT 'DPrET)

/~ ? 9 SE~VP BIA'ELES /

?A~TM(s:AKS~E) YTF --YT, P-~ qTTTAI'S ) 1?
F i"ESASS 0CI AT I iT H A S UBCINEF

LA37LSTACK(PSTkCKSIZy) kEDR 7XT9,;- 7PA':S S:k-7Y7'!:
LAr-TLS :;/

LC C ICC(FSTON FIZE, PkAt11 EXT,/' SmICA IN .
LOCATION~~~~~~ IN Y3 C L 'PL ELRA.T hJCTCD

PS E tL0 C(.ST ACKS IZE ) A DD? E X', /~S~S :F -,sq
TAKLE ArDRESS OF LIME PERTidE.TP ENTRY -1 '-F6f /:

FI L "CRX'SFIELD(PSTACKSI'47) '37TE EY ,, s cr : ,
FIED ~SCANNED IDENTIFIERS '

?EPRSSTCX (PSTAXSIZ)YT-E m~' -OSr

T YPS rF TFE EXPRESSIOAJ COMONz?> *1
FtT~kDDP(PSTACKCSIZ7) kDD7 rEXT, / CSAN'

iDIEPS PPT LOCAT19N /

PAP~T~ LfTF 7VT,
(SP,?,MP1) YTE EXT.m;
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P : mNPE0\(j<7S FOP iASCAL-SMA XACHT\ F
rCL
NO? L IT -FNrp !IT '1' Li~ I ';z' 3 U '
IrII LIT '4,; o LIT RT L' S ',SAVZ Ti '7-.
UISP LIT 'BC-NV~ LIT '9' C.NVI L IT 'l 0,ALL LU I 1
LITA LIT '12',ADLI LIT ' 13' ,AP.DI I T '1'SU-_ LU T 1'

SUBI LIT '16,~~UL ILIT '17',L LI i',I1lI i'
PIVI LIT '?0' ,MOLX LT'21'L LIT '22''J; T:'2'

LECI LIT '4,FI LIT '25',LSSI LI'' '2E',%:TI LI:T2'
7 1 N LIT '28 , LF L I:T '29',N F I LIT 'LEE : I- 'z1',
G ICQ LIT '?LS LIT '73,;RT-3 LU T,L LIT 3'
NEQS LI? 7 L~ I '7 QQ I '36',LECSL: '39',
GRTF LIT '4 0 FQTT LIT '41'N EOS LIT '42'1,t.C 11 I: A4'

IN CL2 LIT ''N EJ LIT'5,
NEGI LI '4 CM? LIT '4'C nf I LI 'E,'CX LT 7~

INDX LIT 'E0',POR LIT '51',S-C- II? '=-4s~: L: S'
SIC LTIT '54' , TDq L IT '5-'' I,D I LIT- ' -E' ,ST: U. 7 '

UNION LIT '5e', TE IF LIT '59',ISE-C LIT '~,N LI T ':

IR LIT 'eLC LIT '3,NI LT'~,KT I ~
XCEG LT ' ?5P? LIT '67',?AP-1V LI 1~ '?~rU '58 -PA

INC LIT '70',EEC LI 1T '?l',DFL L IT T?'~' U 7
SUE LIT '74',LLSI LIT '75'.-(kS1 LIT TI',G L T ''
LOD'Q LIT '7R',LOLI LIT '79'RDVi IIT 'e ',?V LIT ';I
?DVS LIT -2-, RiT LIT 'E3 '? 1 L1 'E- R: T i 'ELI '
rUY? LIT ',96,ABS LIT 'F7',S1CR L17'~,I T 'Q59',
OS L IT '90',ARCTN LIT '911 X P LIT T 2 ',LN L iT 3'
S ?T L IT '94',, oDr LIT '95' , FnLN L IT 'CC 'PF LI '97'
TRUNC LIT 'C98-,RCUND' LIT '99',ORI LIT'1VO',CFR LI11'
S TJCC LIm102',PRE L IT'103 ,',ST - L IT"'1 4',PUT LT 'l~ -

GET L 1 1 6,R E SFT LIT '1 ?7',REEtT LI2:'1ZE',?'-w LT.1~'

F. -1V LIT '114';

SCANQ-P :P?O)C FXT;
E.VD SCA!NNEP;

?'RINT$PROP: PROC EXT;
FNr PDIkT~poD;,

ERROR: FRCERCE XT; ICL ERRCCEF AI,:R;
END '7.RcP;

P' FXTEPNAL PROCEDUPFS FROM SYV13CL.SRC /
C-ENERATE: PROC(CBJCCrE) EXT; rCL OPBJC"OTL EY-IZ;
pID GrN'FFTr;

G--NtADD?: PROC(A,B) XT; ICL A ?Y:r; DICL 3 ALD'P;
E!Ir GFNtA.DrR;

SFTD.kEPTP: POC(CF7SET) EXT;
rCL O ISE mYTE;

END SETArrRTR;

SFTSkSTSPN: ?PCC(CF?SET) EXT;
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/* A 'IS Cv'?SF I FPC ' 5T 3 P FC ?V' TIky 7
rCL !, FA E PRITNA E- LYTE:

DL(LFN1,k) BYTEr;
'EN: CFT:PTLSWE;

LOCKU?PNSII: ??C(A,IDtENTRY)' BvTE7 7P(T:
E-Cl (A,ID$rlTRY) 3Y:EF;

LIYITS: PBCC(Cr-INT) E'X:;
DHL rCOU'N BYTE;

FND LIMITS;

ENTFF VARSIED: PROC(A ,B,ItSEN'RY) EXT;
rCL (Ak,R,ID$r;JT;Y) B YTE;

E-ND rNTF?-v-3I:

ALTERtPRT$-LOC: PRCC FXT;
DCL (I,P) 'BYTE;

FND ALTER PR Tsc; -

ENTESU.RT J: L ,:,BI~ERv) EXT;
: CL ( A, ?, I D EN T Y) BYTE7;

ENE EN-tTEBPS7-BRTN;

LOC'UP$ONLY: PFoc(A) B;YTE EXT;
WCL k BYTE;

END Loci(up$cNLY;

CONVPTB CD: PFOC(A,B) EXT;/* A=S?/lMP/M'PP1, -c/ v
rCL (,J,D'?LA^,,FFLAr,SFLA(,,A,'Q,N B-ASE:' PLPI,'%AMT, By>,-F

ENr coNvRTBcr;

CONVERTI: PPOC(A,B) ADDRFSS EXT;
DCL (I,A.B,N BASED PPINTNAME) BYTE;
DCL NU ' ADLR;

!ND CONVFPTI;

CONV71LtCONST: PROC(A) VEXT;/21 A=POS,%*FG L/ CL A BYTE:
Emr CONVRTtCONST;

FNTi.P$COlS$NTFY: PCC FXT;
rCL IXINDFX BYTF;

E-Nr EXTRtCONStNTRY;

,TP$STRtTTP: PPOC(A) FXT;
DCL A BYTE;

ENt FNTRtSTR$TYP;

STOPF$CONST: PROC EXT;
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Lr,-s H : cBRscc%:K

ENTISSUP$\TPY: PFOC F X 7
T"ID 'rNT;ssU3sllTlpv;

ALLCtOFESB'T: PROC(A) FXT;/;; TYF L-nCT
lCL A Arrz:
DCL (A'cER ,3 YTF;

EN'D ALLCS0FYSET;

AL$1NIX$OFFSET: PROC ADIR XIx:
DCL ADDR,3 B YTE;

END AL ,NtX~r'FFSFT;

ALLOCITARS: PROC ExT;
F.41 'TLCC"VAPS;

CASZ PTRPTD: PRIC(A) ExT;
"CL A PYTE;-*

FID CAS7SPTVPTP.;

SF.TtVA YPr: P?nC EX-;
EN: SETes rA RtTYPE;

LOADSV4?RT: PROC(PT) 7XT;
:Crl PT ?YTE; /-,, PT RE~lmFSTN S A 5TACK ?qINT?7'

ENr: IOArtVARI;

kSSI1NSV.?I: ?POC(LS, STCP7F';TYPr) TX:;
DCL LS PYTF; 14: LS :S AT LFFT SIDE 0.; A3S-,qtT Slivp *1
DCL (k., 3, STOFFc,.TYPE) 3y-r; A- C :sT? ??'

'AFFT.TFE?
TO DELETE OR LEAVE TEE CURRENT VALUT AT -.7F 7n OF ThE

STACT */
'END ASS IGN$VARI;

CHK -iXPR$TTPF: PROC BYTE EXT;
rND CHKSFXPP*TYPE;

CflPYtSTACKS: PROC(A, 5) FX:;
rCL (A, F) BYTE;

rND COPYSSTAC:S;

*PITFtVAP: PPOC(NUMP) ?XT;
LCT, NUYS BYTE; /* N7WMEER OF' WRTTE PARMlS '/

FID WFIT7$VAR;

REArtVAR: P?.OC 7XT;
FNr REAr4,VAR;
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SA'V7F PC s x ;

LAB~T~~AB?:PR~C !AxT;

rCL A BYTE;
rqD USFP$TY?;

S--:'SAV'-7s-LOCK: P? OC FXT;
Ell S :TSA-'VF$BLOCK;

~'-:7S'DBLK: PROC EX-;

Wiwr~SSURTN :PROC EX T
7.1r EwD$stJ3pTN;

C7('T?ARA*v3: PROC F XT1
Fr coTsPAM~S;

S3'TSC?$TYPE: ??.CC(A) 7XT-
:CL A MYTF;

IN: SFsoE$lPF?;

CALLtkRCC: PRCC(A) EXT;
EC'LA P.Y FY; / * rj F r)R '7.AL 3E

117 CALL0ASROC;

"?Om$-t'ICSTYP7E: ?FCC EXT;
FND G4T YUNC$4TYPE;

FI'D PROCRArM: PIROC E7XT;
FID YJDSPPCO"RVA;

ARAY DFCLAPF: PROC EXT;
7r ARAY~PECLARZ;

PIIDPLC?: PROC FXm;
END FIND PFLnP;

SEJECT SYNTFEESIZE: 'ORCC PUILIC;

17 LISTROD TREN
CALL PRIN~P9.RnL;

ro CASE POruCTICN4;

P POD LT C TIC0N S

1* CASE 0 NOT USKD
/~ 1 (<OORAX , ::= <PPC'rRk,* FTADING> <RLOCKy>
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/~ 2 7AIG LC~

CALL LP A

-D n- FCA T A 7 > F CCRN<?Pf) IP'\'C'>

E N r *
5 < X FIL : IflZN'i <'iLl" ID7'NT> 7

< <XF I L- ID~'V (FII NIDF\1 1Tl

/4 7 <?PR 0'I I D NT > < I DE N TIFI?

H 3<FILE IIFNT>:: <IrENTIFIFR>
CALL ETV~I(~SI~TY

/4 9 C,0C '> <L.T'><~C r ><Tl P)<VrP<P&--DP?>(<STU

13 l <LDP> '
CALL S C() E $3RA N C H

H 11 LABELI (LA BEL ST?7INC->;

H 12 ( L A EL ST RING > <TPBL

C kLL L A '4IL iAK E?
H 13 'L A FL S TI\; < <A 7FL

CAlL LA?L$M1AKFB-
H 14 <LABEL> : ~ E :=7

I'F TYPFNU 0> INTVGFP$rYPE ::JN
CAT.L ERCRC('L5');

H 15 <CDP'>

16 CONST <CONS7 :77 ;

H 17 <CCNST EFE KILTNi' CCNST DEE>

i 1'13 <CCNST rF7> ' ILENT CO% DEY

/4 1) eIrT-N CONST rFF> ::<CI)ENT CCONS', = CONS:.A'IT'~
CALL FT.R$CONS$NTRYv;
a* <~ (I'DNT CO NST> < <ID FN T IFI T?>
ro;

IF LOOKUP$ONLY(SP) THEN
CALL FBRV(DC');

CALL ETFRtVAP$I:(0,SP.CONSSE,%:?Y);
r ND ;

/ 21 (CONSTANT> (NUtMBER'
to;

CkLL COqVP.T<CCNS'i(PCS);
EXPFESStSmK (Mp)=CfNS NUvtYF;
V EC? TR=VEFCP?2 R41;
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2

I F Q Ir -YP7 =!j 7" =7\

:3 F CAL!L C o v VTs ON \S: P()5

V rF'DPVTCir4-
S 17N SFLIA G I f L SF

7 1r *
/~27 (CCNSTi TD T'

% xAT Ss~s:(MP=cosCoNSsypT

1 N T PE;

ELSE EPB5SW

C ALTL ST R E SC CNST;
S: - LA G 7 FAL.S;

/~25 < S TG '- /'

VF-CPTP=v7'CP'lR-1;
CALL ST0?.E$Cr)KST;

Ei:
/~26 KCONSrA:NT IlE7-V> <:ETFB'

/4 2" e 'IC-N> +

SIG~tTYPE P= S
SICN,$FLAk' TRUE;

~26

Sl'?J)TYPVT
SIG$FLAG =TFUE;

CA S S'S T M T = 7 TS F
/4 3 TD;PE <TYPE DEl' STRINC>;
CASF$STYT=FALST-;

/'~ 31 <TYPE DF S'TRING> ::= <TYPE IrD"

3' 32 <TYPE rFF STRING? ; <T-Ypr Tr

/ 7 -Z (TYP-- "> :=<TYPE InS> (T<Y?7.,

DO;
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IF LrcK:?~ctY~? T ~

CALL -TIcR('DT ';
PA?FN: sTY ?E~-F'--
C AL L FN 7 7 S VA P$ I: 7,s,:PEEi
IF NOT ?ESE4T THTN
cc;

CALL I AITS(2 ;
TYB5$ADDF=S3--Q,
SFTlL=SP-1 L4-?;

FN I.

/* 35 <TYPF> :=<Slt'PLE TYPE->

/* Z6 <STRUCTUREr TYPE> :

/~37 <POINTEF TYPE-> '

3E <SIMPLvE TYPE> <TryPE IT'-,'T>

/~39 (<TlrENT STRING->)

/*4,<CONSTANT> Cor:~:
CAkLL ?lIT SUBSNRA

/~41 (TYPE ILENT", ::= TFI~>
IF LO0CKUP$PN$It(SP,TYPEtENTLRY) THEN

TYPELOC=LC'OKUP $ADDR.

CALL ERROR '-.1
TYPE L0CT=. ?!UIL-sINs:?L; /'- INTEGER P71 TAU L T7

/'-42 <TIDE-NT STRING> ::= <\IDhrNTIFIFR>,

TT BE$C RD. ' N'M =C
CkLL US7T?5TY?(TYPE-$OFD$NUt,)

END;
/?43 (TiLEINT ST"PING> , IrF\-'I~llEP> ;4/

DO;
TYF0DNi.TYF0DAM1
CALL USER$TYP(TYPDE$CR:$NUM);

7EN1;
4' 4 <STRUCTURED TYPE> <T NPACKED STRTUCTU,:-- YE';~

11-5 PACKED
I" 45 (UNPACKED STRUCTLFFD TYPF7'

/* 46 <UNPACKZD STRUCTURED TYPE-> :=<ARRAY T77E?>

/~47 < ? vC 0R T TY? P,7

<SETZ TY?7>
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CALL A ? v D 7CL AF 7-
/ J. (NE TYFF ST17ING> I\?X:Yz

ro ;
17 AFYVSTR=APRYSNFS'-1 T?:T'N

CALL FRRVAN')
4FY$DD'ADr-'?T? APY D'A:FSPT?-4

F N r ; NTUM A?Y ' ( FYYc,72B

A?? E Y $D IM PT P = kR=$ -R 1

ARvrmArR$PTR=ARY$:,-sArR$P:R~:;
.APYSQTY(AREYSPTR) = AL$NDX50?Fsi:;
ARYr~F(0tr~A"t7R = TP FtL(nc:;
TBMPEA S7=EASF;
?AS? = TYPELOCT;
CALL SFTALDRPTR(7)
ARRiY4,-IOL~VAL-( ARYSDrm5APRt?TR) -Ar:??:?;

CALL SF fADDRTR(9Y;v
ARYIET~tIVA(ARY LM'AADZ PL?) =LIP"

CALL SZADRIPTR(11) ;

?AS7=TEVPASF;
Ntl5ARR~si(ARRY5PR '=1;

DO;
IF APY4,DI SPT?= 1AX$ARRY~i-l' T"FN
CALL ERROiiAL');

ELSF &??Y DIM$PTB=AFY$DIM$4?TIR+1:
ARt~ARP RAR tAPPRI
AHRYS0TY(JlRRY$PTR) = ARRY CTY(ARRYSPTR)

AL ND)Xt0FFSFT;
A??Y$DIMOEN(APYtDMtADP P-'R )=TYP? LOCT;
TEmPBASF=BASF;
B ASE=T YP E LO0CT;
CALL SFTArDRPT'R(7);
AP.Y$IM$LWVAL(ARYrM$Ar?'P~PTR)=ADrL-?;
CALL SETADDEPTR(g);
AP?YItIVAL(ARY$DM AD? PTR )ArDRPTE;
CALL SETALDRPTR(11);
NTM$ARRY$ErLM'TS(k y$LDBA$P L)=kLHPTBL;
BAS E=TFtiP BASE;

/~53 (INDEX TYPE> (: SIMPLE TYE>

/~ 4 <CC0"PONzENT TYPE> ::(TYP->
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-. T k$?AFkRT(?~~S )AT Q 7

CAL ??Br?('Iv'5

CALL 3'7TAkDhD?-P(7);
DALTP= PFV StsNT:y;

'RFC .NST=RFc$N'ST 1:

5 E KpFCr)> EECnrLIc;
RrC$NST=P7C$NST~l;
APT'EALr",'RLCSPAR''AE P I-RCSNST =Sr-:L
ArrRPTLR=oeooh; /*CCLTI S IC N >::
APT? PADDP=APTRAI)DF+2; 

7N

A DL? PT'R=P R vss.TtE TRy;
PRV SiTSEN TRY=SBTBLPI;
k.P BDD=APTFADR+2;
p y FPTR =1 F /* FORIX F-OR RTcop :

S~ B=S~TL+T C, ALOroR T-S CF E>
/l I!ITIALIZE PFCOEPD

CUn tOFST (RE' NST )=
'VA:R SCAS VAL(RFC N ST )~xR
Rr^OFDSPTR=-l;

/ 7 <FULL,1 LIST> - FI,'EL PART>

/ 9 (VTARIANT- PART)

/ 0 <~FIXED ?AP'> \KrFCOR. SE'CTION)>

el ~ <1FIXED PART> ; KRBCC72 ~ :

6~ 2 (RECORr EC-TON' :: <FI LTr ILVEjT SR I N r p

DO;
CALL ALLCSOiFSET(TYPrtLOCT);

/;' kLO0CBA.SICTY? AND AI.LC$QTY ARE SET /

D'o PTPPTH = TO -60ECOD$PT.;

? AsE = REEcsALrR(?TRPTR);
CALL SF-T PkST ?N(-;;
?YTFP IR = AtocFASICTYP;
A? C'RAt LRF=A? ' RAU F r+1
A t? ?T? =TY? F LOCT;
A PT? An D?=AF TRA NDR 2
ArrRPTR = CC?$CFcST(REC$NST);



-~~~~~~~ CAla,-r'r.rrfCr' ' OZ f ' -

17 EFCCRD$PT? 0> lei TiFN
ELSE CALL 'F,?-P FN) ;

CALL FITPP?$VAtID(5ii,S?,TYPF$TC-LE);
IF NO~T PP??SENT TTFN DO;

CALL LImITS(7):,
A? TP DDR =3 BTL

S T 2L=

CALL 1 L Is(2);
CALL SETADLRDTR(4 );

/' T T7 (VAIAN STI= e F7

67' 68 RkT A' CAS7 TYPE 7I2EN1TYD I!-'-
/'~ 6E <VAPIANT STRINZ.>

E9 <VARIANT STPING> (V A RIAN T>

4 7~ (V0ARIANT STRING> ; <VA.?IA,%T>--/

/~71 <TA' FIELL> ::= <FIELD IDENT>:
TAG$,'Fr:(PEC$NST)=T'RUE;

1*72 (V4?IkNT> ::=(CAS E TA371L LIST> :(<FIELL LIST'> )

/4 4 <CASE LABEL LIST> :=<CA.SY LAIEL>

LA'RELSTACK(SP) = LABLcOtJNT;

LAH~COUNT = LABLCOUNT + 2;



,A U. rr §S AU ~A S F , A LL:Y
CALL "R R " C;(L -

CLL r' FN 7FA H(1'37 HL A "FL S -A C s p

H 5<CASE LAE-L L'S:'> f'CA S ITA TL's,/
Do;

CAL4'L GFN A D:F(WA SY A L T$CTY);
CALL CGEPNERATLE OW,,(LAE7LSTACK (M? '))
CALL GNBAT~tE(EIa(LA LSTkACK( '9Y));

F %1);
H 76 CS AE> KOSAr

Ir 'CASFE$STv'T TTEF7J
DO;

CASF$STK((CASE CCUNT) =-CASZ STK(CAS7CnTTN-\ 1;
DO CASE FXPRS~SSTK(S?)

/* N.TMrBEE 4-/
ALLCSC'TY = Co .iVERTIj(s?,?rS);

/41 TDENTIFIEF F
DO;

IF NOT LC($UP$*OMLY(SP) TEHEN CALL FEznF( '--):
ELSE DO;

BASE = LoOKUP$ArZR;
CAIL SFET$PAST$,PN(?);
ALLC$CTv = ADDRPTR;

END;

P sIG.NED ILEF.NTIFIER ~
Do ;
EN r;

ENE /*OF CASE*/

ELSE
Do;
I F NOT VA I AN T$PART( R7 C SAS T TEEN'

DO;
VAR IA"! TtPAR- (RFCtNST )-TRJE;
VA?.$CAS$TP(RFC$JST)-TYPFtLOCT;
VA~tCAS$VAL(REC ST )=ALi~X O'ESFT1;
CAPLL ALTLC4OlFSET(TYPF$LOCT);
IF TkG$7-D(PECt.ST) TFFN
Do;

3iASEC$AD,9(?E,CD$-PTB);
CALL SETAr'nPT(4i);
BYT E?-9FF;
CALL SFTADrRP"R(5);
CALL SF)r?~~(EqT~l')
Arl:RPTR=v $CAs$VA(ECiS-:);
APTRADD?.=APTlRADDRI.?;
ADDPPT=VAP.CAS$TP(RFCtNST);
APTRArIR=APTRArIR42;
kDfl aTR=CtTF $ O'ST(RF C $NST )

1&-2



777CSc 6 BE k S N S T =C " 5 S 7~: 'i: S:

P' CALL COvDAR COINS:$VAIAN:; ~
/'C=FCES THE CASF .A31.7 VTT:i k.- :Y?/

CUI? )FS T (R. E C tN ST ) =V A R t (Fs TSF(?F Ns
V EC%771 ?= V EC PT R-l1:
C Oq T $ PTR, rCO01 S T I 'N DY , CON S T.PN t P T R ;

/~7e <57' TYPE> :=SET OF (PASE TY?7>
CkLL F N i$ S T R T Y P??R ) ;

~7,c (BASvE TYE7", (<'DPL7 TY?:F>

? 79 (FIL.E TYP7> FILE OF <VY?F> /
CALL F NT P S TP $TY P 2F-:) ;
co ('POINTER TYPE> := <TYF7E IZENT>
CkLL FNTR$ST?$-LY?(57F);

/ El \'VDP> : :
SCOPF(SC0PEtNUM' = SETHL;
2- 2 VAR <VAR DFCLkP STzIai>
SCOPFVSCOPF NU ) = SB-TB'-L;

"Z <VAR rECLAR ST?IN'> <V? LA.R>

/~ 84 <A? T7CLAR'>

E~ 5 <17A? DECLAE> <=1EJI Vk 1 sB1> -P"

CLL kLLC'VARS;

e - <I I. N: VAR S TR:NC> I r EI:NTI ? 1 1
TC;
VA?tTD 0;
PARE-N",'TYE,,VA.tBASE(VAR.:P-TP) = S-L
CALL FNTr'p$VAPtID(?,S? ,VAR' e_'TY);.

END;

17 VAPPTR 0> 13 TH{EN
ro;

VkPtPTP = VAB$PTR + 1;
VA~?ASF(VAR$PTR) =SETIL;

CALL TRVA If(,PAV?.)

F LSF C ALL F P R O'N")

CkA"L S?-TSAVr$BLCCK;
/ E 9 <FOPF DECLA?>

CALL SETSAVE$BL(CC;
/'90 (P0?? DFCLA?> ::<PPOC CP V'UNCT>;

13



CALL F-EA.:$-N$BLK;

iT NC~rT0% LOCU .iNY(kS:) T EN C.L 7? ':2
ELSE Er);

FAT= LCOKUF$AEER;

IFYPT =2: TEE"N CALL F:S U?-T -1
N D

CALL GOT ?PAAMs;

/ g 9 <FC7>'AL iARA S7CT 17 > ;~
CALL GOTtPARAigS;

/4 99 ?EOC T7 > PCEUE ITNIIA

CALL ENTER4Su7ER:N~,?Pc~N?;

/: zz <FO?rAL PAPA SECT TLIST'> (CtPA S,,: ~
CALL ALLCC VARS;

CALL ALLCC$VARS; 
Fi'A A-a C--

?' 12 <F'ORMAL FAk SECT> <PARA a)CL-P>

/ r 0~ A <Pk-A GROUP-,

TE!,'PPYTT = VAtPT?;
r0 VA~tPARM$FP = e TO TEM?'YTF;

3 ASF = VAFIBkSy (VAR'PkRM$P:?R);
CALL SETAD- PTR(4)
BFTT7PTR = BYTEPTR CR go2H;

END;
END;

/* 104 FUNCTION <PARA GROUP-, 4

DO;
TE'/PBTE = VAPtTR;
ro VAR$PARV$PTR = C' TO TEmP!YT3;

RAS? = VAPBAS7 (VAF$P&RM.PTR);
CALL SF:ZAD;PPT?(4);
BTTPTR = iTrNC$ENT.itT OR aoi;

TND;
END;

/4 1~5 RnCEI URF <PROC I'FNT LIST31>

/* iee- <PFOC IrEN-1 LIST> ::= <ILDEF~TIFlFR>

1E.4



T-,.%' V rT

IF VA? P'rR <> iC
Do;

- ?!A M"N - 1
VAB--3kSF(VAPT'P-R)=S3:-IL";
CAL F~U?' ~,P,~CN~

FLSF CALL FRrOii('VN' ;

1~ 19 < pAPA I :E7!' LIS T> < ILE NT I FI FR>

P kt A NUX PAPA~iIJ'. + 1;

VAPtEASF(z )=SB:'.PL;
CTL 'E !I RVAPtIE (2,SP VAR E"'RY)

1~ 13Z <ARA I:Z4T ::N:
IF r ASTR 0> 10 THEN

VA~?tP VAR$?-T +1;

lvA'$3AS7'( VPR.PT? )=S3T'RL;
CALL FTVPI(,?VPEIY

E N *
7-L S 7 C ALL 0Rc('N)

CA LL . OT $ PARAMS:
CALL - 0T FTJ N 0$ TY P F

i~112 <7uN CT :r>(
/* 112 <FrORrAL PAtA SFC' LIST> '

1112 (BZSUI.T TYE) :'
DO;

CALL GOT$PARAM~S;
CALL GOT FUNC$TYPE;
CALL AT~B1LC

/* 11 <FUNCT IE> ::= FUtNCTrnION eII NlTTFI";'
DO;

CfiLL 7-TER$SUIRTN(C,SP,FUk-CSENTPY);
FN D;

/* 114 (PESULT TYIPT.> : <TYPE ItFITfl
CALL ALLC$0FiSETr'TYPFLC CT);

P 11 <STTP> COVPUND 1&5 T



/1177 (tA. L S v:7

/* 1 1 (TL T> < I 1L'F 7 S7<T
C AL C E A. (I RT,'LTBAELS C( 7);

/~129 <IF CLATCS' <T?-T PART>
/~122 < UNB5AL SMC>

kEL Dn 7L3TA07F
/~123 <I~ CLAUS> J-7 <EXP?rE3SIOC2' :'

L kl7-L STC CM?' K =N L k L 0U N 7

LA 11 C OUTY=L A PI c n ,j -., + 2
TF EXBESSeqTKHvp~:) =BCTNTP

CALEL 1-7N ERA- 7(NOMX)
CALL CGEN AL(LA L:rMP)

7LS 7 CA LL 7a;)n' cZ')
ENLr;1

/~124 <TLI'v PART> ::= <3Ba T~ 7 '

CALL G71AI - TkVS-'
-ALL -.4AID?.(L3L,LALrSTCKi(S?-1');

/125 LAPFTEL Ei-':: <L 7- L>

CAIL FETADLRP(5-;;
CALL SETTkDrRiTP (6+BYTP);
CALL GF LRLLA.DP1')

T'S3 CALL FRPCR(VLL);
/* 126 <SIMPLE S'.T> (ASS Ir-\' NT STtN'

/129 < hHILE STrT>

/129 <?FPFAT STiVTN

/411 ('CkSF 5STh:>'

/* 132 (WITF SmTT>



~~ T;

17 ('ASTC() I S'YTsA:> <Ye r? -.-7:

c L As I 7T P. A
13AS<1F= I KEi;, ,A ALT77.

17n L <VA;rLR?:W5

CA LL S7'rA rT*Rp?~1

IF Y' YPF= FXPSCT1 - 1;

CALL S-ETADrl?'rR(11);

CAL GN A ( L I , A 1 R~)
APTSk? =4

CALL cNtArLR(.ITA, A-ERPR);

CkLL SrAS(FX? CT);

CALL S --T A ;- ER P:P( 9)
PS-= ATLR?.P;

IF NO TijcP--I4s) ?:N CALL F?-:0,3 "IT":
?FLSF DO;

ASF = LOOKUtADrP;
CPLL SET$PAST$P.N(12);
?FTSkDDR(YNP) =ADDRT7 + PTSL-,v)
CALL SET$PAST$PNr(9);
"'ALL CASFPTnhTR(PTEPTR);
T'YPT$S-AK(VsP), TYPF$STkCT(S?) =-ol:PR

F ND ;
/* 141 i VA3IA;BLZ rrEN'> ::= <IrFTIFIi:R

DO;
VAPPAP? =IM .F
IF NOT' LOCKU'?4CNLY(S?) r2TN
CkLL ERP('T)

ELSE CALL SET VAR$TYPF;/*' LnOTKUPtAEZP SB F?. '

1a?



= YPCTF I 1

< S .,AL)L ?'7-X 7-SN
't j.V .. ?Y5

:L3 - CALL 7PFOR('C7');

CL L SBFOP 5? YPE(0

CALL S 7T0 SO-?Y F 0 9u I/
/~149 <

C'AL L SFTSCP$TLYP;( AW);

5; <
CALL S7FT$0?tYPF(ZF) ;

/* 15E12

&LAI SF-OPTYY(VF)
/~15~ TEM> <FCTOR'>

Dc
ATEDD? PARM ML TC( P);

IF SHR(BYTEP-R,7) TEw
CALL 'FPPRVNF');

END ;
IF G (tlXPR$TYPF THEN
DO:

U) CASE TY? ;STACK(IP1)
/*V*/ IF EXPRESStSTK(SP) =lF THEN CALL EE:FuL:

T'LS7 I? EXRESS$STr(SP) = _ _ THFN CALLtiF'FWL)
!.LSF IF EXPRESS$STY(SP) = OF TqFN CALL N7FP (IS7C);

EFLSE CALL FRoR('')
/'*1*I Ir' EXP?.FSS$STK(SP) 1Hl Tt77,'

ro ;
CALL GEN FRATE (CN V I) CO-N!TCP? 1S :'~~
CkLL GrNFRT(C2),/-: CON T T 2N 17? f,- r!F--
CALL GFNERATE(DIVP);
EXPREFS$SmlK(MP' =USIiExCJ

P4 D;
ELS? I F EX PRES S $STK (S?) 3 H Tt-74 CALL ; -'47P Tr (r:Iv3); \

ELSE CALL FRPCR('CE');
/*2"C/ 1F v EXRSS TK( l--G l Y HM~

C ALL *F N 7pA TF(:IVT I

1ps



CAL, L LZ
SC7 :: w; T''1 7

C AL L F Ex7A 7-:x x9

:LS T EAL ECLL CE');

:55 7 (MTT:?YN CR.>

CALL S F TS ()P 7Y?(1;
/~157 i v

CALL F T:) C PT Y F 07 2F

C AL
CALL _ -t0P-'-YPE(0,=);

A 1~ <SIMPLE EXPESI- ) <:M

'IRAL?kD*S 777N !C;

A?TRAD R = ?AXNUrLCC(S?);
IF SER(BY"TE--R,7 7=7N

CALL FBRO?(10 . F

Iy SIC-!UIYP7 = EC
D ;

IF EXPRESS -S:K(S?) U'~ IJ3 X~ T,-4'
CALL G :NZRAT7 (NEGE ';

FLSE IF FXiESS$STX(SP) = I N G 7T F F :N
C A LL G EIN FF A T ( N FG I

ELSE CALL ERROR( 'U0')

S 1(N FLAIG = IALSE;
CALL Ce0?!$S7AC:{S(MD,Sv);

P 162 <SIR.PLF EX?PTSSlCA,>
/* 162 <ArzlN'c OPERATOR, "TTM) ,/

IF PFADPARt'S muEN DO;
ATRAUtR = PARMNUt'LC(MP);
IF SHR(BYTEPTE,7) TEEN

CALL ERRoPCNE');

I? CFKtEXPR$TYPF THIEN

IF TYPF$s:.AcK(MlP?1)=57 THEN/*" ARITH Arr. X/
DO CASE EXFvESS$STK(SP);

CALL GENERATE(UNION);/ CASE -OlrD TYPE /

169



P A T C 7..

CALL ER <EUC7/ C~ -7
C kTL H EFC(V' 'A S - -

C CAS7 r;ppFS 3 T ?
CAL GF NBA F S 7-1F~ C~ A% -Z 7 TY
CALL G N E R:E(SU :
C _'.L - :;C F'E)

CAL:L E R:"( C E
N : ; :; C ( ' -

C AT.L GcE N RAT:Zr :I)
7LS CALL FR3RCR'C';

EN E

7-37, CkLL ErFC=r('-

Al -. I-LPJc cFAC?>

CALL SFT 0?S-Y?(2r,-F
/~1C5 C z

CALL SFT OPt-YPF(277);
/* 1 <lAcTCR> :: VR,-rT

CALL CALL $A P??OC-( FA LS?1

CALL LOADSITARI(S?);
/~1' VARTA7-L7" < ACT TAL ?A A L:3>,

CALL rALLtA$,-PRGC(TUE);

CALL CnPYBSTACKS(M?, rP!?);

/~172 NOT <FACTO?> "

IF EXPRES S$S-.(S P) = BO0LFA" ,TYPE THEN
CALL GFNlRAT?-(NCTX)

ELSE CALL Ei~hOBU CE ')
CkLL C0PYT -STACKS(YFP,SP);

F % D

171 N'~ UC I P t'BE REE>

TLL'CQTY=CCNVEF'rI(SP,?SI
CALL C-NtALZ?(Lrii,A'LLCSCTY);

190
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A.T £;

/~172 N I L

/* 173<S I>

?X L-R -S S$ -T K ( S) - S T iI N r ST Y F 1
CAL:, CBBAELSI);
Lo "PEVE?.;

£0~ '???TF = 1 TO ACCU .(?)
CALL C N ED ATE( A C U lv-PT ??PT)

TF CCAT :3~~STRING > 72 CHARS ~
'A IL S CA.NAF?

L S E :c;'
C k ALL G 1APAT N cP

I"' 174 <A'7TUAL PA? TTs>" (AC0TTAL PA RA>

/'* 1'"5 <ACTUAL T A .
<A~ C' ACUL PA RA.

/'~ 17 <S~TF <LFr FT LIST>1
CALL z v STC W? _KP?1)

/~1?7 < LF,"711T LIST>
CA LL C P Y tS TA 0K S (S ? SP-)

/ 179 <XELM.E:JT LIST> E r 7.y -,,,

/*' 181, <XELL,TIT LIST?,> <LN?~
Ir EYPR7SS STKV~P) 0> FXPaFSS$ST-(SP) 'THiEN

rCALL EFR0P('ET)
/~11 <FLEFME--r.> :: Fx?sS ION"',

IF 7XR~S-T P 0~ FXDRFSS FTK(S?) TrTN CALLIT e(E:,

CALL Sr~f:nRT?(5);
CALL 5lTALLrPT?(e2+EYTE~TlR\;
CA'LL "7FN5ADDR(BRL,A.DDPTR);

EN D

191



CA: 1 a ATra. L E

/ 2 1?4 eCrVGUNr (67T B'I S~L LISTS N

E~ 1" ('?7lCF!URF ST "L> ( P?nCFLTT?:'F I E FN?
CALL ('AL $h PRCC(FALSE2):

/* 1&-6 (ACTUAL PARA LIS-->
17' PCRY$VTFLD(r'?) = 3UILTSINIS??OC T -- 7

CALL ULW'APPOC(FALSF);
?LECALL cAITL ASDP CC (:RUK

1F; i PFCCFDUEF IDEIJT> (,irF.ITIF T R>

IF NTLr0KUF~rNLY(SP) T22E
CALL :E??CR( Up');

ELST no;
FASFLOC(SP) =LCCKUD$AlDR:
CALL SF"TADDFT?(4);
Yn'tRMSFIEIL(SP) = BYTEPI";
11 Fc~I:(v 3 UILTS:N5"C?'.i

CALL SET$PAST PN(7');
BYE~T:P'R = 2;5 TuTN

PA? ANtujS?) 2 ;
?A? kN LC CU C?2V :r

ELS F I! 3yTFPTE'l , 2 1 T "I~
LrO CASE (-rY:_E?:R - 7-2):

ISPOSFtSTt'T = - T
?--AL$S.LfmT = TRUE:
PFAD STVT = TRUE;
WPITi$ST ;T = TRUE;
'AITE STm'T = TRUE;

END; /* 0"- CASE (3YTEP- 22) ~
F N I.;
ELSE rr *,/ NCT BUILT IN ~

CALL SF:*PAsT$PN~(7);
PAFKMNU (SP) = ?YTEPTR;
CALL SE7T$,vPSTtPN(P);
PkRNTh'LGC(SP) = kLiDRPTD;
ATRADLR = APTPAIt t
LAPTLSTAC (SP) =ArDRPTR;
PFADPAFVS =T?UE-;
PAPMNU"L0C(S-12) =PA? NULOCSP);

TND;

192



I <F T C LF; 4

FLS F I; NCo.(PEADAFr'3):T

11LL 3FN;-RA:F('?A; ~';

CALLL Er r'EV0(1P

/~192 F X p F SSIC'I> <YBSIX

U 9c ~ITE$STYT7 T~tN CALL ?0(F)

IF EXD?.FcS$STK(M1P) <l)NI~ EP~TE CAL T 7 '?:'':
IF (FXR'S3S-STv(SP) 0> INT717 ,TYF) AND

(F:(?PESS S7v(SP-2) (0 INTFGIR :YF) T:E ALI ?(A

P;' 193 <C A, ST T > <CA.S E FXR FS S),CA 3 LIS- IL- iSPT.'
p~ 7o E N
Toc;

'WA?7LCnJN:. LAPLCOUNiT 4~- 1;
CA-L CPJ$ArLLJT 2 L ,LA.LS : AC ('Y'
CASFSCOrJNT =CASESCOU-4T - 1

-104 CASF EiPRiiE'S) CAS7 e(EX??.SSI> O
TO ;
C AS $T rl7-= T PU L
IF EPSS tST (P-,1) U N S I C$ E XP C A F

CALL EPk0?VR T;
L A PFL 3T A CK P) L LAPL C rUN T
LAFLCOU!JT LJM7COU'2 + 1:

C~E~T:(CsEccNT:=CAS7$CC'UAT 2;~
END ;

P, 195 eCASF LIST ETLEr'T LIST> ::<CASE- LISTFLF->i
I' CkSF$STMT THEN

CAIL cFNtALLR (EDTLAZILSTACT{(MF-1 );
CALL 'r $.DD(L3L,(LA3IELSTAC? (,v?)+1i";

FIND;
/,l pe '(CASE IIST ?LFV': LIS&> ; " i
~196 1C1S IS FT~: 71,

IF CASEtSTMT TH ~ <AS

ro;
CALL GN7.$ADDE(3RL,LA3TLST4ICK(r?-1
CALWL cEN$ADDa(L7L,(LA3ELSTACK(S?)-1));

E N r



C,~~Y ESE F S'. FT TEV

c < CA S T1: PR E 1 <C ASE F L T 1

C TLT rN $ k LD L'3L ,L k j 7r TA r v(t,?)p
END;

/* P (V-1'- T>< C VA'RIAF.' LS:>

/~201 C- T> IT

LABFLS"TACK(SF) = LAPLCOJNT;
CA.LL C 54SADD?(~l~C,LAzTLSTALCK(S?) );,
LV TC OU 14T =LA ? L CC0UT

SA: CLPLR(EPL, LAi:L3AkC~(1M?')
I~t 37N S kLD?:(LBL ,LA.B LTACK ( S .-1

LA"ELS TAC7 (S P) =LBCU

CA&LL CGN$ALrR(r-EL,TAEE LSTACKC(S)):
LAqICO~TIA LfiqLCGUNT A-1;

END ;

C ALT G FN $A , RE L , (LA --LSACF ( S ?- 2) + 1
CALL GE-N$ADD?(L3L,LABE7LSTACK(S?-l');

FND;
2 Z P <'FOR. LIST> :=<IKIT IAL VA LUF> <T0> INA L V AL"'T/

.D;

1*209 <INITIAL VALJF'> <: ,')NTO>l <FINA~L VA!Ur-,~

IF FXPRES3$ST.W~'?) <> FXPRESS ST7'S?) THTE:J
CALL 7-RPRR( 'Ef');

CLL S1v'RATE(LEQI)
EFr;

194



IF NOT LO)OKu;P ,PLY(S?) ~~
CALL 'R Cc')

t'LSr POD;
APTRADD'L = LrOK'LTPA DR 4;
IF FYTFP:A 1BF mu AL Rc('v

iTSE CALL s$'.rAB'TYE;

FLS 'C D

/~211 < IA ITT kL VALUr ::= <7XpR7,S ICN,,>
Do;

CELL ASSICIN$' PI(SP-Z, :RU7':
LkA2FLS7AOCK(Sr) = Lkr5. itUN
LAVPL("OUNT =LAtL:nUNT" 2;
CAL-L cJAU T LLA--LSTACK(SP))-,
rkLL I~4N ADLP(L3L.(LA -?:STAC?(S?)*1) );
C k TL LnAD$VARI(SP-?);

P~ 212 < F I NL VA LUF-;' := (XPR7iS I CN>

/;* 2 1! e "FPF AT S hT> < i-- 7AT < S TT L I STS> Ts

I F 7x:;"EScsST((SP) oo LEA N' T TFN
DO:

CALL GFNERAT7(NoTX);
CAL , NSAILR(LCLA-SA{(~p)

_7 S? CA LL FRO)P('CE')
E N, r

PA 2 14- \<? EDFAT> R7 P 1AT-
DO;

CALL C?4AlL fTllL,LAtLC0UNT);

UlPl"COiJNT = LA--LCOUN'l + 1;

Do;
CALL c-TNERATE'INC);
CALL Gr$ADF(LBL,LABE LSTAC(SP-1));

END;

Do;
CALL GvFPAT.E(rv!C);
CPLL C-.$ I RT LL IF SA -.(P l )

END; /* OF CASF STATFMFNT /

E~rt sYNTHESIzF;

TND SYlT72;



L 1r LlTEEATLY 'LIFA:LY'.
F CB A r iR s s I N IT I AL 5C.
7clslvTrk 7C9 (1) 3Y-F,

DT I(7Y TE IN IT! AL('\e)-.PAH.=
'D CI( T ITB NTA~4,A,

FALSE LIT '
APD ADrpE-ss INITIAL(100HE),
c FA 'PA SEE A'-!hR PYTF,
ICL T IT r z-C i. i t' ,
FXTl LIT FXT7FAL',

L' )CTI T 'PROCEDUPE'
BrZTFF5Nlr L IT'FF

CD'IT~o ( ) iYTE;

M~oN1:PPOC(FTJNC,I.%FO) PXT;
:Ct FUNC BYTE,

-NDMON ;I'J'FC ADDRFSS;

tION?: FRnC(FUlC,INF(') PTTZ BXT
DCL '? ITJC 3YTE.

INFI) ALHpiss;
E'D IMCNJ2:

'QCOT: PPCC EXT;
END BO0OT;

PRINTtCFAR: PROCEECRE (CL'AR):
DTCL&PT CF.AR BYTE;
CALL VON12,C!IAP);

ENr PRINT$CFAR;

CPLV: PROC;
CALL PR.INTtCA?(13);
CALL PRIllqT$CEAR(10):

END CPLP;
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r -Cl A Arr 1 AL"MES S , C S? 71 J 71~ 1

C k , L CL;
r() I=0 To 4i;

CALL DPl-1!H~~(

CALL PPINTtCHAB('

,7T$CFAR: PPC-DURE7 BYT7;
I'F ( ~=? )> '2U Ft7NLE~

IF M0O'?(2,7~C3) 0> 0-7'

CALL ~ ''r ')
F 1D;

END 'ETtCHAIR;

WRITEtS:RIV': PRccELURE;
DrCLAPV' T 3TTr;

I? T <> OOH T"N CALL PRI:JT5C-:AR(.);
ELS7 PFTJpN;

L'$CFAR: pBrC~JRF(C7IPLTtlYTE);
Dt'CLAP.E OlTUTTRYTF BYTE;
IF OUTPUTtPTTE < 10 TFFN CALL P?INTtCiAV T?UTt'nTF

rLSF CALL PINT$C~kR(CUTPUT$3YTr + 177H);
END 1)CFAP;

D: ?ROcT- Ry~ (COUNT);
DrCLA?.E (COUNT, T) ADDR'SS*:
DO J=1 TO COUNT;

CALL D$CF.AP(SR(GET CFAR.4)):
CALL D$CFAR(CFAR k4D 071)
CALL DRINTtCHA?(' ;

END :
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:TV1: ??OcqU?:(vL7-(,C -;N

LCL (VAL1JFX,COuNT1 MYiE;

FIG= FALSE:
ccT',JT1 =7o-

£0 ' U'L = VALU F 17:CI )

COJI'Tl = COUNT.' 11;

I' T LA" OR (X T77 r) TE
CALL P.NcAFC 0UJN T 1
FIS7 CALL Dq rNm$ CTTA.R

T'C LIT = 0' TOC(CtTN T-1)
n crNur(L) GFT CFAR;

CA LL P?IVT'SCFAR(' )
IF BzCZN'TA(COUNI-1) >= E011 TTJEN UALITCA?-'

FLSE CALL DRIN'itCFAR'W);

CALL PRINTC Wcli;

Do L=0 Tc C('UNT-2;
J,T = 3CDNT;tY(L);
K = SUF?((i( AN'D FZZ- ; XTPAC7TFF'? T SP lo T7 'V-

CkLL D$C'JAP(K);
J=(J AN'D aFy); /* EXTAcT TrF7 LST F,' TF- ?YTE ~

CALL rsCT3AH(J):

7, = (nCrNT'M(COUNT~1) AND 7Fa) ; /* GT 'RID CT SIr! *1
IF K )=4~e THEN CALL PRINTtrEA'9V+');

VLSE CALL PRINT CJAB( -'); /* SlIm OF FXPO':F'J: T
CALL PODTCIWE );

CALL P$EXPON'K AML 32H);

PHTItRET: P~r)CiUcE;
ITLAFF
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FL S LI17
L I

AL7L LIT

LTTk LIT 7cR'
TI - I

PLC A..I'

A NDX L I 1,'3
LII-

p pt L IT 4 43EH
PA'D V L I 4H

LIT
TI- LIT 5 Z

rnILIT '55w.

LDS I LIT '43='
KA S? LIT''4
IF CEAR =FNrp TF
DO;

CALL ?(.(E ~l'))
CALL BOOT;

IF (CrAR=WTF) op(HA~RT)C
(CFA?=i?TS) TFEN LC; CALL r(1); ?Eu;

I's' (?=T 'L) 0? (CFA?=LDII' C? (C=AR=A-LL-o?- !CAR?=LI:.A' (R

CALL 1)(2); PETURN; END;
IF CrA v=KASE THEN DO; CALL 7 4) ; ?"ETURN 7 N.
I F C R = L 11B T F ! to ; C AlL P' ?N T$ 7C: 5 RP7TUDN; YNE:
Iv CFA? =LDSI TuF.N rDC; CALL. WEITE$STPI ,'; R f U F~ ll 7N

ZNr ??Ir!Tt?.ST;

/ * ., " Pv0CGAr FXECUTION STARTS 3FF~~
M9AINI'!!: to:.
Iv' rCN2(15,'vC1) = 2EF T71N

CALL D(.('NO FITF FOTJND'));
CkLL SCOOT;

DOn 1WEILE 1;
Ir' 17T$CPA <= 72H TEEN

I"0 CAS? CPA'
CPLL ?(.("JnP );



CALL?(." L' T "  ';

CALL P(.'?O ");:
C ALL P(.(s T T );
CALL ?(.('SAV? ")k.L L P ( u:4S "s
CATL P(.'CYVB "))
CALL P ( ('C,;'I "
C ALL P(.('ALL ")
CAIL P(.('LITA 2;
CALL P(.('ALB 2);
CALL P(( 'ALDI "'
CALL P(.su ? '));
CALL P(.(': t' );

CALL P(.(':ULI 2);
GA.LL (.('L!VB '))

CALL ?(.('!ITI T );
CALL P(.(') DX ))CALL P(.( "FQLI "));
CA L ?(.(',FCI );

CALL P(.VLFC! o));CALL ?(.'E " )
C,.LL P(.( "¢.-0 2);
'ALL P(. S S I2)
,,AIL P(.(o'x:N ')):;
CALL P(VTL NCALL P(.('FCB "));
CALL P(.('V-? E ))
CALL ?(.('%Q3 o));
GALL ?(.('rL "));

CALL (.(',T D "))
CALL P (.("'CLS ")
CALL P(.(V'EQS '));
CALL P(.oL S "))o
CALL P (.('G FO ));
CALL P(.('LSSS )
CALL P(.('G-RTS ")
CALL P(.('ECS "))
CALL ?( .('NEOST'))
CALL P .( "INCL1 ")
CALL P .('CT "C))2
CALL ?(.('GS 2);
CALL P(.('!'GIT);
C kLL .('ICL "))"
CALL P .('COMI "))
CALL ?(.('NCTx ))"
CALL P .('IDX "))"

CALL ?(.('C¢oB "))"
C A LL P ,("nOI )

CALL P(.('STO3 2);
Cf.LL P.('STOI '))
CAIL P(.('STO 2)



CAL P~ L~ p '::

CALL .('rI:

r TL L((CAI')
CAL ( L~ ')

CALL E (

CALL P(.AYCE; ')Y

C A 1L P((PM NC 5

CA LL P E'ZT L

CALL ?(.VL- P)
CAL k (.T 'LDS)I
CALL P(C -a q)F
CALL P( (T~ )

TAL P( <LCL );
CAIL P(.VLn!2);

C .!-_L -Q (.'I 2,;
CAIL P(.('QTVS ')
CAL L P(V? 2
C k -_L p I
CALL ?."?S')

CALL P((A S ')
0 ALIL P(.VS C'D

I kL L P(.VCCS ')
CALL ?(.('ADCTN'));
CALL p .'FXP 2
7A L L ?(.'L'l ))
CALL ?(.('SC?T %
CALL P ( .( r D fl
Ck'lL P(.( ECLN';
CALL P(.V'FXF ')

CALL P(. 'T-)1N C))
CALL P(.'t)OD ))
CALL ~ ')

CALL p(.(sTlCC ;
CALL P(.('P.E '));
CALL P?'. EK ')
C AL L P(.'PUrT2)
CALL ?(.('(-FT';
CA LL P(.':;PSET'));
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A 1IL 'I" D " ,,
f.-.; ? , 'r Z'.T.£ ' )
(ALL ?D (':r:B":)'

:T3S CALL P(.('ZZ "));
E .?ALL P?: Esr

E"K r Y rr :



A -VY~ -7 (Cr, '7:, 1 Y - C-f: T -T7 1-

-L!17 SY~l't TP IN n 1 -L!VEC ?0 11:~ l" 3

-T r 'A n'-.r iii .I L2 .> CT~ Cy:~

TS ?POITB~tM TAKES TH7 CUTPUT ''P7r D ?3 ZkL S Y~ 'j ~T
AND Cn~NV7",TS IT INTCn A RFArALE 'fl2'?'ll' 7n~ 7AC:1'

F U rr 0

L 1T LITEZALLY LIT-.4LY'.

FC kLL.TESS I:N!IL 'C)
ArrP 1 L IT I- ADI)? SS,
FCt?YTT BA SEr 7C? (1) oy--7,
DFCT5(5) APP rTIL1,?CC1CCR

I 'PYTF,

-'ALS r LIT
CCOPYING PY E INITIAL( TPFTF)
AlDR1 ArURESS INI T I.AL (1 ','O
C5AP '3.kS FD ADDP1 3YTF.
3UTTFFtEND LIT
F OR"MA SK L IT 7
DCL LIT 'DrCLAPFE;
DCL
?PCC L IT 'pp r 7r11;r

FO~ILL' LI T 14,
ECrNU'(E) PYlE,
FIIF$TYPV(%) IYTTL TPSY.M'

TA"PLEtSTAPT Arri, /* STARTING LO.-ATIOY AT CO"ILA-TiO~~
OFFSET ArLL, /* NJEW VALUE OF 'lAELF F. 'TR
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p A ~ A A $ R !v VA B CzTC Tr N~

PASY ATrR,/:cPAS- OF CT??\ EN:07%
s T i cP p ArR, /.' CrE rO F cEZ v

L A! :? TZN / rBTT t- r S v ,' 10 A IF
BkB B. YT, MS YTF CF 23"

a pp Arr DDP,/* CT1ILITY Va? '0
A EDPPT' 'RAS iL A PT?A. :: Ar:?,

SA:?L3COPE A rDR;

MC~~~2: .RC R AFP NTE '~CLAE F YTE, 6 ArDESS

ROOT: PCC HXT;

PPINT CFAR: PROCEDL'FF (CFAR);
DECLARE CZAR pynF;
CALL mON1(P.CFAR.);

END PPINn $CEAR;

C?LF: ??PCFD7RF;
CALL PRINTSCEAR(17);
CALL PPINTtCEAF(1P);

END C'!LF;

?PIT: PROC(A);
DmCL k ADLR;
CALL w'oNl(9.A);

END PRINT".
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I F (A : ERl: =A r -1) BF T TF'N

!' V.C 1:(22?,7CB) 0' 9 ?F

CALL ?RlAIT(.('T7:, FNr s''):

ZID C-ETQC'AP;

:C009: F~rCKUR(CU'rPU:T3YTF);
! :CLRF 0U7?UTt~rYT7 BYTE;
IF C!7:vU:tBYTE < 10 THEN CALL ~ SR"U~?

FISF CALL PPINTtCIPAR(OUTPdT 'YTF 77H)

> FOcE~(COUNT);
rFCLAnE (COUNT, j) AfIRFSS;
Tu .7=1 TCC

CALL DtCFAP(sFT?(3Y:E?.R,-. );
CA:L DtCHAR(PYT7P? PIP 2.-:)
k?T?.kDDLE APTRADDR t 1:

??IhTtBCr: ?RccEiuF (COUNT:);
D'7CLA'DF (CCUtJT, ", T. L) '3YTW;

P EXPON: PROC~tijF(VALU);
rECrAp? (VALU. X. CCUNT1) BFY'F;
tPECLAP'7 rLAG BRYTr:
DO X. = .3 TO 2;
FLAC = FA.LSE;

COUNT1 =VF
riO ToILF VALU >= DiCI(X);

7ALU = VALU - rzci(x):
FLAG = TT
COJ'NT1 = COUTiT + 1;

ENO;
IF 'FLk CFE (X >= 2) THEN

CALL P?IN'r$C7A?(ClLUNTl);
ELSE CALL PRINT$CEAR('
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FNnL ? t'XP'n%

3 r Ij I -T1L) = - FP P

CALL PRVNTSCk( -

IF D-CD)NJI(CO1NT-1) >= E;,r THEN CALL ??IATS$CHAR('-)
ELST CALL D7RINT4,CFAR('+";

CALL PRIlT CkI( 0');
CALL PPI\:tC7AP(')
10 t=e Tn COUNT-2;

CArL r CFAR(K);
J(J AID ePJ) / A~XR8CT THE LSD FRO" m y~l*

.ALL r~c'TAP()T

(3crN~~o2T1 ANL 7FU); /-* C7T ?Jr OF S I CN :
IF -K >= V~F 7TEEN CALL PRINT CHXR('-');

~LSE CALL P?IDJT4CBAR( '- ; /* SIG11 OF zXC,!E - i

CALL P FXPO'J(K AND 37F);

7,iS P PNTSC F

FCrZ YTF(,2). rC? SYTE(-) = 3
DO I = e "0O 2;

'FC'Q$3YTT-(I+9) = VILE TYPF(I);

IF MC.12(15,FCB) = 25,5 THEN
DO;

CALL PPINT-(.('FPOP--G0NF TO ?COT t'));
CALL EM"T;

END rnTSYr;

rISKFR.: POC;
ro;

CALL PRINT(.(DF l)
CALL BCOT;

El In ;
ENvD risK~zp;

PPINTDr'C: PPOC(VALUV);
DCL VALUF ArrS, I' BYWT, COU~NT r YTF;



1 T

vi-E . VALUF -7 BC 5 1
FLACG= rR :F *

- ClCUN'T + 1;

F ISFLG%('=
CALL Fp I r kCCUT)

S A D;"~ R C(G-F

,,L nFFS-T ALDR;
AFt'-Ar~p =BASZ + OFFSET:

rCL rFFSET !YT_7;

"ALL S ETADI'P. -DR(Y'- PTR OFF
Ell: SvT$PASispNI;

CCY'$S3 T'4: PCC AID--;
/* COPIES FILF.SYX' T() ' OF. L00'IN(- FO: lF~FL~

(1AH) 1!1 A. i *
rLK kDDP.:

rO ~Et COPYII~c;
CkLL SFmAflDPTF(K);
PTTF?:'R =GFT1CFAR;

K= '{ +

Ir BTTFPT. = TFOrFILLFR THFN
ro;

CALL Sr"DRRKN
PYTEPT?. = GETCH{A?;
IF EYTEPT?- " BOFFIILEa T-77N
ro;

COPYING =FALSF;

BY'FETR OOH

END:

P~Tt~P~207



R7SFT$LorA:IeN: FRCC(A) AILRa;

CFFSFT = A-

--Ar'D Ps?ncO;TIA

CALL??J'(
?jlD '"A31:

TA?2: P~nC;
CALL TAM1;

CALTL T Al;
END TA22;

W?I'TtNT3Y: R
Do CkSF (7opfl. AN:7- 07H);

C .AL-L PRINT(.('lA3F1 E~my'--L'));
C A L PRI NT'.VCCN-&, -.aW y t
CAkLLI P PIN T(VT YF PT'.1TR Y s '') ;
CALL Pv I N T 'V A RI A ? T 'NTR.' Y 5l
"ALL DRIN-(.('?RCCEURE ENTRY S'));

CTALL PINT(.('?tNICN ENTPY '));

CALL PPINT(.('usER rzCL.AREL EN:RY $')

FND; /*' CkSB F
END W~ITE--tE-<TRY;

PRIfNTtir: P?0C;
DCI. SIZ7 ' YTF;
CALL SFTADDlRP'2P(C);
FIZE = EB'EWPTR;
DO I = 1 TO SIZE;

CALL SFTA~rPP(6+I)
CALL PRINTVCFAR(lYTEP7R);

CALL CPTL"
END PpiNT$It;

PANGYP: PFOC(A'11;
DOL (A. 'EASF1) AEDR;
.2AS~1 TAE
3AST' A
CALL SET"AnrR$?TlR(7);
CALL C'RLF;



A~ (s"T ~ 7 f) T T CV rIj r%
rALL ?ITC~(y~:)

CALL ?DI:( T AND ' -- V ALUE S%)

I~ ( S FP "OF1.? .) AN D F OR. t, kSK ) T F>7
CALL 'lINT$CHiAD(lYTETR);

BLSE CALL ppItJT$FrEC(rLRDVTR);
3 ASF = BAS71;

END r0AN rF7

no0 CkS7 (S'7E(?Y"'F?m,' 31 AD vCR?.'1ASK);
in;

C-A LLT, tT((EU~A TYPE
CALL P~iNTsir;

CAL PIN T(.'T'JF V A LU2I
CALL SFT PAST $?N(?) ;
CALL P?INTsinrC(BYTZPT,?);

ro C AST (S UP(YTF PTR.6~ ANTrVC "tAK);
CA LL PRIN(.'A N F NJ '-PA T r'L S TBFRANC-F '

C AL L P PI 'IT( .'A N IN T F , R S U7 RA N G 7- S
LPN = IDN + 13; '-,%' L T tT 0?F 4 t ---J r PY

711r ;
CALL PRI~ (.V.&. CFARACTE. SUBRAr1CE S'%):

FNI; /*~ OF cAS? '*/
C7ALL RANCE(!ASF);

4ND;
r0;

CALL S7ETADDPPTR( -);

I -'YTEPTR;
ILDN = LPN + 113 + (4.I)' : i LF!TE OF 1'"n~~
CALL CPLF;
CALL TA?;
CALL PRIN(.(THF' COMPON1ENT 'YP7 IS ')
CALL Sv-ADDFTPi1e);
ro CASE ?YTFPT'R;

CALL PR I N T(. ('SCALAR t')
CALL PFINT(.(INTER ')
CALL PEI NT(.'CFAI $))
CALL PRINT(.'PEAL );
CALL PRINT(('ST.I4l~ S2)
CAIL PPINT(.('?OLFAN t'));

'!Nr; /* OF CASE ~
CkLL CRLF;
CALL TAS2;
CALL 'P'INT(.( IT REOU ES $~
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C ALTL C, TF~

CALI p PI\T.'m~Trpz I5/k T %
CALI ??IN:tlr-C(l);

CALL sE-TAB:?PT?(9);

A?'-'kDDR - kP'FAD-~? 4

LPN -LPN +13; /'* LE' -~F : iiE% ,'Y ~

N r .

CLLI P?I N T(k4SF F )
CALL SrTADrDPT?(5);
sAV7;ASB = FASE;

I AS1 LD::PTP;
CALL, P? INT~l r

SAVF'hkSE = ?S7

:AV= AV??ADT:R

F~l
T- c;

CA LLT ?IN:.(A PC NT R C 7 TY P F.)
CALL SET ArltRITR 1(5;
SAVT-3A.SF = B3ASE-;
?ASF = kAID?:?TR;
CALL ?P..JTl~ir:
IAS7 SAVTOUSE;

FND;
END: /* C'F CASE "

Tl D V sE?$DFrU')

CFEC74COLLISION: PpEOC;
/* tCCKS FOR AIrr-EsS IN CCLTISION~ -TI~, -7--N ':TITS

CCLLISION !FA. I~ AK*R,?~~T~ P'pI,%TS.AVMS. STCPS
W"FN N'O TURTFUR CU.LLISIONS 'R TA3LE 7Ums OUT:.

CALL STLR(E);
= B9YTFPT?;

CALL nTAnl;
CkLL rvIl'T(.('EVS7 VALU7
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'ALL S r~r rPp:- ;

A1::=' ZLr 7( -AD:F? PTN ?ZSC1
A TFB = II1, AN)T -F A 7

rC WFL ALD-P7F >= TAIL- STAF-';

C AIL FP INT-(.(' WFTCE: CLLES T TL

CALL FPINT 1IE:
CALL sTTArrR:,');
CA:L TA?;

'F A::RP:? = 03 T7F*'J
cALL FiN-( . ( 'Arir THEZR7ARE' So FITD-HEP CnTL:IT \ 'N)

ELS? D)o;
CALL PINT,(.( ANY OTHWB COLLISCNS CCCU? IN'T<''

CALL CRLF;
C iLL PR IN T(.BU 1LT- I N S YM3Q:i 7 ABI. F '
I ND;

-ASE = SAVEtBASF;
F 'iTD;V
CALL C~lr';

FML CFTC:K$CC!LLI0A;

FT Y$?1'&f: PROC;
CALL 'o.I~rFNTRY;
CALL PDINJ $Ir;
CALL cr~r7SCCLLTSIoNl;
CALL TA31;

Ek'r ENTR!t7EA:;

CarFC~TY?TE: PPOC(A);
DCL A PYTE;
rCL TY~l BYTE;
TVPF = (SHR(A, 711 AID FORB MkSK{'
rIo CASE TYPE;

/* SCALAR-ORDINAT-7~
C&LL ?RINT(.(' SCALAR OREINkTF 7)
/* INTEGER */
CALL PI2.'INTEGER s)
/'* C=A.RACTFF P
CALL Pl INT(. CHARACTFI R~)
/* REAL */
rkLL PPINT(.(' PIAL$);
/* COMPLEX *

SkVr$BASr j ASE;
CALL SETtPASTtPN'9);

'-A?= ArrRPTR;
CALL sF,,ArDpPTa(4);
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-1 r CALLI ?n r~p

CAIL PzIY:V ( mOLFAN 5't

C A.L L r-P L F
'A:L 7AMq;

114 r CBC Kt Ty p F

CFvC7 $-YP7S'C0ST: ?ROC(A);
/* C. Ecv rnp nyp:, Or CO.,.STAN7\ kNr P? I" N

ICT A M-YTF.
DC CASF A ;

CALL " A TINT( rSI N El IL7 NT IlI ER s

CALL PPI'JT.( I NT F lrH R 'f
/* 2 PEAL *
CALL ?INT(.( FTA.L~'

/*3 STPIN"rl'
CALL ' :P 1 T( T'R RI N G''

Ck.L ?FIIT(.(' ST',NE I r 7N T s'7
E".D; /2; CAS F ,

ENr Cr!ECt!?E--FCCAcT;

iCL A ?YTE;
IF A = 12 'HEN

CALL P?I.NT(.V'TEE kSSI;:4D PPT LCCk-IC-N -C? T77 F?P I5S"):
ILSE CALL PPINT(.('T;'E ASSIGNT : L(OCATInN IS ';
CALL SE7$PASTtFN fA )
taLL PPI.TDr" ( A DRPTP)
CALL CPL'F;

FND PRINTSPRT;

?FINT LAQFL: DROC;
CALL 'FN"DYtFEAD;
CALL PRI'IT(.( 'rEE AFSIGNK- LAEFL VALTJF IS 5')

CLL SrmtPAS'r$Pl(7)
CALL DQINTtrEVC(ArDRPTR);
CALL CRLF;
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CALL PP IKT4 I:;
CALL CEFCKSCOL 7ICICN:
CkLL PPIN-(.(' THE rCS-NTA TYP7 IS5''';
TYE = (S'JP.( FO?tM,3) A Nr 7
CALL Cj~rKTyp_7SCONST_(TY?E:

C.ALL ?PINT(. Tt: CONSTAN'T A LU 4));
IF .Trr- = 1 7HEN

CALL sFT4PAST4PkN(7);
IT.L D;?INTS-EC'kAt_,.PTP);

LP.NL?N -9;

IF TY'0F = 2 THEN
DC:'
CALL ST4PASTtPN(7);
r AL L r I NT c r(:

IF (T-Yvv = 0') OR (TYPE V nl (TYPT &

CALL ST~m'4PASTNf'7);
,;IZF =-YEPR
DO I= 1 TO SIZE;

CALL SFT4"AnrPPR(7-LN%+I);

LPN=LN+SIZE++,;

TNDl PITSCC.NST;

PPINTtTYPF: pPROC;
CALL ENTvv$wEAL;
CALL P?Iqm(.('T~r ?APEIT TYPE IS S'%):
Do) CASP (s~p(Fop11,3) ANE FO)4-PASY);

CAIL PRI.NT(.('INTFCER t'))* ,
CALL P.IJT(.('FEAL s) ~14
CALL PRIT(.('CFAP ~'~ ~ 2
CA1L PRINT(. ( 'POOLAN t') ):/* '/

/* 4 *
:/* e*

DO; /* 7 *
CALL SSTtPASTtPN(7);
SAVE$BASE = JASE;
' AST = DPT;
CALL S7TADLPT9(4);
IF (PTTFPTR AN- 'FOR '"ASK) Or TEEN
CALL USERSD77INED

FLSE CALL PPINTtID;
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PTNT$7AIABLF: PRCC:
C L L FNTT:S= -AD

CALL r'T ~ yBF~~
CA : ?D$?TT)

CALL PITVPIT.VTF' z )

CALL FOI T~:EC ( YTFTB);
CALL 'DRIN '( .( PAP A v-TTE--S S')
0.41L CPL--;
CALL SF A. E-

1O 0 = 1 To T;

CALL TAE2;
CALL PRINT(.(VNC. S-)):
CALL PRINTt:FC(I);
CALLT -ABl;
if SR(3TTT!R,7 T

17 qFa(PYTED-D,9- :-7EN CA'"! PVI\T( UcI\s'
7LSF CALL PRIN7(.(' 7Am 4-'));

ELFF I F SYT "?TR 4 TrTE~l CAL pD I N pp nC 7r' T~v
TLSE CALL PRI:JT(.V VkLUF S",);

CALL PINT(.(PAAV~~FF Oz TYPT r
,)Lt CHEECKtTTPE(F0RM);
I )PADR =APTPAD + ~

END; /* DO I *
CALL DRINT$PPT(1e);
CALL PPINT$PRT(12);
CkLL TA31;

CAAL DPIl(.('THF LABEL VALUE PREF~rl%'- 'ITE rolEr 15
C'.LL SFT$PkST$PN(14);
CALL PPINTFl-C(ArRP-A. ;
CDkLL CRLY;

END SUBROUTINE;

3PANCH: PRoc;
STA-L = SBTBL - (3 * PARIMWTVSU FTM);
cUPRTN = SIJBRTN - 1:
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CALL FNT?!s~zFAr;
CALL sUBOU'rTINB

F17 pl l- P) C

P? INTtFUNC: ??OC;
CALL F4TPY$7EAl;
CAL ??INT . (7?tXCTIONJ -TFT IS 5 '));

CA LL SYTPAS~tP(IF);
F c EYT-.FTol;

CkLL CEp,0YPEC."';

E N :R ?N TtFUN C *

CALL ENTDYHFA'.

ro. CASiVSFR(.FOE',-) AN: FORt-A3L),;
DC;

CALL SFTLADLPPT?(E);
SETEL = SBTm-L + 1 BYTETR;

S?TBL = STBL + 1;
Lc;

CALL SFTADEFPTR(5);
S?TBL = SBT'DL - 10 (2 *"Y7PDl

DC;
IF FO'R 1FF TuFN SPTBL = SB'-PL +~ .

ELSE DO;
CA.LL SETLADflHPTR(6);
SPTHL = SmTBL +14 + BYTFP: R;

EN ;
END;
SMTBL = STBL + 7;
SBTEL = SPTlBL +7;
S3TIL = SB'IBL +7;

END; /* OF CASE V
ENE SKIPPER;

STAPS: Pp.OC;
CALL CRLF;

CALL
PP.INT( .( --------------------------------

CALL CFLF;
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V 7 0~ COCSCU?.CE,17:I NL)
CL ( SC TT 1r c, L S IN,) A2EZ?

(SCMAR ?FASE: SO0 RC, D FA ?A 3F :S I. ~Y:F
U' WFILE (L:Z - < <> ~5

DC"7AO=SCFA.;

sc CUR C =S 0 U, R C E+ 1

E V: 1)v F;

CALL rCTSY~l;

PASE SBTIML =

L = CCPYSSEBL;
CALL S7TAUDFFT?(4);
FOR" = 7vTEPPR;
LC CASE (-FCR%' AN E iCBkASK):

CA LL S FT' Pk S T $ P11;

CALL 'ZE'A--RFTP(4);
1IF S'z3(3YTEiTF.,) -::7N CkLL S-7$ 'P S:$ x
LSE CALL SEtPAS'5$N(1)

CA LL S--s-?kST P'4(11);,
CkLL SET ?AS$?N(13);
C ALL S ET$ PA S"t PN 1F)
CAkLL S 7T PA. Ls,$?,: )g
C A LL SFitPASTsY9W;

F~ rI ST EN '.IY I S I PpC)S S IE E C R T ' I3: ~:y /
IND; /* CkSE- FCF. I'I
/* STADTIN(; LOCATIO" 'JEi ThEZ SYY~nL TlAVLr
TABLE$STAR"T = ArrRPT?;
CALL PMOV7(S3TB1L,TA3L7E$START,!);
BASE,SB"LL = 'TAvLE$S'AR:;
/* START '/
CA.LL S--A)DPTR(2);
DO) WHILE ArrRPTP 0; '03;

CALL SETALDRPTR(4);
FORM~ = BYTFPTR;
CALL STARS;
LO, CASE (BTEPTR AND FCRMMASK);
/* LA37EL

CALL PRIN'TtLAEEL;
SBTBZ = S3TBL +9 +LA

END ;
/* CONSTANT *
ro;

C ALL PINTtCONST;
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C ATL rPIT V:IE

33T3. S9'3L: 9 ?i

CALL ?I N r"V A FI A -Ln
SBL 5 SB'TBL +' 11 L- LN;

/ AOCLU 'PIT/iC

SLTBL = S;':B-L + 16 + LFN;

DO;
CALT FRI'iTtYUNC;
S3TBL = S T3.L -~ 17 + LON;

/*FILE *

CA71, PrINT F.LF;
.L=S:-TBL + 7 + LP%;

/:- USE? DE~FI NED' ENTRY

CALL SKIPPER;

E , : /4 CIF CASE ~
I' S3-TBL = PARMLISTI.Na(St'3RL,) :TF7 CAL" -- A%'c;
EASE = S?-?L;
CALL sE:Arr.PTR(2);

CALL C?Lr;
CALL PRINT(. 'THE SY ,BCL TAELE, RAS FEEN ?:. '
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